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n ÄBOH.»a^«. D170-10038-1 ABSTRACT 

This report presents the results of wind tunnel test BVWT 061 
(Phase I test of two phase test program) performed in the 
Boeing-Vertol V/STOL wind tunnel on a powered four prop tilt 
wing full span model equipped with cyclic pitch propellers for 
longitudinal control.    Items evaluated include cyclic pitch 
control in hover  (in and out of ground effect), yaw control in 
hover with differential flaps and spoilers, low speed descent 
performance, plus basic longitudinal stability and control 
throughout transition with a high horizontal tail. 

Propeller hub pitching moment and normal force were also 
measured during this test so that in conjunction with a pre- 
vious isolated propeller test, the influence of the wing/flaps/ 
fuselage on the propeller forces and moments could be deter- 
mined . 

KEY WORDS 

Cyclic Pitch Propellers 

Descent Capability 

Double Slotted Flaps 

Hover 

Longitudinal Stability/Control 

Propeller Hub Pitching Moment 

Propeller Normal Force 

Slats 

Tilt Wing Aircraft 



••nP^""f»mmiitmmiit.^miitr • mmmmmmimmmmmmmm» 

r NOMENCLATURE 
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c 

The following nomenclature was used for Model VR068Q In BVWT 
061. Additional nomenclature it included in the Data Seduction 
section of this report. 

Symbol 

Ap      Propeller disc area 

a •P 

»I 

b 

c 

Y 

D 

*F 

Pl 

«1 

e.75 

^w 

J 

L 

M 

Puselage angle of attack relative to 
freestream 

Effective wing angle of attack 

Puselage 

Wing span 

Mean aerodynamic wing chord 

Cyclic angle (positive^ nose down 
pitching moment)« 

Propeller diameter 

Plap angle 

Wing fence configuration 

Basic double slotted flaps 

Propeller blade pitch angle at .75R 

Horizontal tail 

Height of outboard propeller plane to 
ground plane in hover 

jt*.^ 

Wing incidence angle 

Propeller advance ratio, 

Aircraft lift 

Aircraft pitching moment 
(positive «v nose up) 

no 

ft.« 

degrees 

degrees 

ft. 

ft. 

degrees 

ft. 

degrees 

degrees 

inches 

degrees 

lbs. 

ft.lbs. 
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o 

Nl Nao«llt configuration D 170-10038-1 

n Propaller rotational spaad rps 

Pl Collactlv« hubs 

P2 Cyclic hubs 

Q Shaft torqua ft-lbs 

Öl Basic slat configuration 

q Praastream dynamic prassura lbs/ft2 

<i8 Slipstraam dynamic prassura, q+T/Ap lbs/ft2 

R Propaller blada radius ft. 

r Radial station along blade ft. 

P Dansity slugs/ft3 

S Wing araa ft.2 

J, Horisontal stabilisar incidanca 
ralativa to watarlina 

degrees 

T Propeller thrust lbs. 

TJ 
Jet thrust from air motor lbs. 

V Velocity ft/sec. 

vP Full scale aircraft velocity knots 

w. 

Vertical tail 

Wing 

Aircraft longitudinal force, 
positive forward 

Longitudinal distance 

Vertical distance 

lbs. 

ft. 

ft. 
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\'m- 
iSupTicripf' - (Superscripts are in sequsnc«, Isft wing 

tip to fusslage csntsrline) 

£60 

QlQ 

Flap at 60* 

Both propsllsrs turning down inboard 

Both propsllsrs turning down bstwssn 
nacsllSs , 

Slat setting, sss notes 

felat lotting, sss notes. 

NOTES: 1) According to the notation used, slat setting 
Q1 o',iO,ID,* indicated that all slat segments 
inboard of the wing tip were set at Q1D position 
with this exception of the segment inboard of, 
the inboard nacelle which was set. at. Q* position* 

C 
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1.0 INTRODUCTION 0170-10038-1 

Wind tunnel tmut  BVWT 061 was performed in the 20ft x 20ft test 
section of the Boelng-Vertol V/STOL wind tunnel on a full span 
(9.04ft) model of the Model 170 four propeller tilt wing air- 
craft that utilizes cyclic pitch propellers for low speed longi- 
tudinal control. Installation of the sting mounted model 
(VR068Q) commenced on July 14 for the Phase I test of a two 
phase test program. This air motor powered model incorporated 
an internal six component strain gage fuselage balance and a 
six component strain gage balance mounted in each nacelle be- 
tween the propeller/hub assembly and the air motor. Two sepa- 
rate sets of propeller hubs were used: collective hubs and 
cyclic pitch hubs. An identical 2.143 ft. diameter propeller/ 
cyclic pitch hub/nacelle balance/air motor assembly was tested 
during May 1970 as a part of the contract (Reference 1). 

The primary objectives of this Phase I test were: 

a. Pitch Control in Hover 
Determine the effectiveness of cyclic propeller pitch 
for longitudinal control in hover using two propeller 
rotation arrangements. 

b. Yaw Control in Hover 
Determine the effectiveness of double slotted flaps, 
opposite wing flap up travel, and spoilers for yaw 
control in hover, and establish the yaw control cap- 
ability of a combined flap/spoiler configuration. 
Evaluate the effect on hover yaw control of the 
alternate inboard propeller rotation and of cyclic 
pitch. 

c. Low Speed Descent Performance 
Determine the basic power-off lift/drag character- 
istics with several flap deflections. Establish 
the rate of sink capability with selected flap 
angles, and the effect of cyclic pitch on descent 
performance. 

• 
d. Longitudinal Stability and Control in Transition 

Establish the tail-oft longitudinal characteristics 
with selected combinations of wing incidence, flap 
angle, and slipstream thrust coefficient. Determine 
the aircraft stability and trim capability with a 
high horisontal tall. Evaluate the effectiveness 
of cyclic pitch for trim and its effect on stability. 
Determine the influence of ground proximity in take- 
off and landing configurations on longitudinal 
characteristics. 

■ 

During cyclic pitch running on August 21, 1970, the aft radial 

■ ■  ■ ■  . 



v**w*m*-mmmivrrmmiimmammmmmmmim< ipiiww'w'iiw'a^'yiww.iyiiwwwii. 

€ 

0 

c 

D170-10038-1 

Lamiflex bearing! in the left Inboard cyclic pitch hub atiembly 
were damaged. Since the collective pitch runs planned for the 
Phase I teat were largely complete» a decision was made to end 
Phase Z and perform the remainder of the planned cyclic pitch 
runs during the Phase IZ test later In the year. This delay 
will enable the Lamiflex bearing design to be re-examined» 
modifications to the cyclic hubs to be Incorporated as required» 
and testing to be resumed within the contract schedule. 

Four prop Model VR068Q utilizes a 9.23 aspect ratio tapered 
wing with a straight leading edge, propellers overlapped 7% in 
diameter» full span slats and full span large chord double 
slotted flaps that Incorporate a movable fore flap which 
"nests" when the flap is retracted. Longi*:v<Unal and vertical 
location of the propeller hub oenterlines with respect to the 
wing leading edge were chosen to maximize descent capability» 
using as a basis the data acquired in mld-1969 during a Boeing- 
Vertol wind tunnel test of a semispan four prop tilt wing 
model» the primary objective of which was to investigate the 
effect of propeller hub location on descent performance with 
overlapped propellers. The slat and double slotted flap con- 
figurations used on Model VR068Q were also established from 
data acquired during the 1969 Boeing-Vertcl four prop tilt 
wing wind tunnel test program» that Included investigations of 
single vs double slotted flaps and full span slats vs Xruger 
leading edge flaps for the purpose of maximising descent per- 
formance. 

Two wing fences per wing» one at the fuselage side and the 
other» 18% of a propeller diameter outboard» were used to 
contain the stall occurring on the wing center section. 

mw^^1**1^ 



2.0 MODEL DESCRIPTION AMD INSTALLATION D170-10038-1 

The general arrangement and geometry of full span Model VR066Q 
and wind tunnel initallatlon details are presented in this 
section. Figure 1 is a photograph of this model as installed 
in the Boeing-Vertol V/STOL wind tunnel for the subject test. 

2.1 WING GEOMETRY (See Figure 2) 

The model utilizes a tapered wing with the following geometry: 

Span 

Root chord 

Tip chord 

Mean Aerodynamic Chord (MAC) 

Taper ratio 

Area 

Aspect ratio 

Wing l/4c sweep 

Dihedral 

Wing pivot position 

X-Axis 

Z-AxiS 

Basic Wing Sections 

Root 
Tip (actually 1.047 b/2) 

Inboard Nacelle Wing Chord/Prop Diameter 

Outboard Nacelle Wing Chord/Prop Diameter 

Slats (from wing tip to body center line) 

9.036 ft. 

1.263 ft. 

0.696 ft. 

1.007 ft. 

0.551 

8.850 ft.2 

9.225 

1.6* fwd. 

09 

42.56% MAC 
aft of wing 
L.B. 

11.67% MAC 
below w.c.p. 

NÄCA 644221 

NACA 642215 

0.492 

0.376 

15% basic 
wing chord 

■ äMSW 
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Doubl« Slotted Flaps 39% basic wing 
chord (whan ra- 
tractad) 
23.5% chord Fowlar 
action 

Slata 

The Model VR068Q tapered wing incorporated a 15% chord full 
apan leading edge slat of the design illustrated in Figure 3. 
Figures 4 and 5 show the slat positioned at tip and root sec- 
tions/ respectively. The slat, which extended spanwise across 
the fuselage to the body centerline (wing root), was attached 
to the basic wing leading edge with preset brackets,and were 
arranged in nine spanwise segments (wing tip to wing tip). 
One segment per wing extended from the wing tip to the out- 
board nacelle; the slat between the nacelles was divided into 
two equal span segments; one segment extended from the side of 
the inboard nacelle to the fuselage; and finally, one segment 
covered the entire width of the fuselage. This arrangement 
enabled the slats to be set differentially according to the 
direction of rotation of the propeller blades in front of each 
slat segment. 

C 
The slat angle, gap and trailing edge location used for this 
test were based on previous Boeing-Vertol tilt wing testing that 
was conducted for the purpose of maximizing descent capability. 
In general, the Q10slat setting shown in Figures 3 and 4 was 
used behind a "down-going" propeller blade and the Q* setting 
was used behind an "up-going" propeller blade. 

Flaps 

The large chord double slotted flaps used in test BVWT 061 are 
shown in Figures 6 and 7, which present the arrangement of the 
flaps for the 40°, 50°, and 60° deflections. Figures 6 and 7 
depict tip and root sections, respectively. Nacelle length 
precluded extending the flaps behind the nacelles, thus split- 
ting the flaps into three spanwise segments: outboard, mid- 
span, and inboard. The lengths of these segments were as 
follows: 

Flap Segment Length 

Outboard STA 54.215" (tip) to STA 45.789" 
Midspan STA 41.789" to STA 21.875" 
Inboard STA 17.875" to STA 7.145"(side of 

body) 

The flaps were 39% chord in the retrrcted position. In this 
position, the fore flap "nests" against the main flap as shown 
in Figure 8. During the initial portion of the flap extension, 

10 

(»w*iwiriii<i>.»Miwv«»*üa»^»^^ —'•^-•-»»«»"■■^•»■■-»«"-«-■--•■'"««-'■'-«■■■'i«- I.I~I...■■■..■..».I    i n niimnnwn.MinniniUM ii i MMtmmmmmBtHBtiHBtiititiiiiilgi&Sf 



''!fF!,'®if<1mmmmmmmmm 

D170-10038-1 

the "nested" fore flap/main flap aseembly is moved aft 23.5% 
of the basic wing chord. This value represents the Fowler 
action. For the first 20* of flap deflection/ the fore flap 
remains "nested" as shown in Figure 9. As the flap is deflec- 
ted to a higher angle, the main flap moves away from the fore 
flap, resulting in an extended flap chord of 49% at the 40° 
flap angle. The geometric relationship between the fore flap 
and main flap was held constant between 40* and 60* flap angle 
(the maximum angle tested). Gaps and locations used for the 
double slotted flaps were determined from previous test data. 

Yaw control in hover is provided by flap down-travel on one 
wing, plus spoiler and flap up-travel on the opposite wing. 
The arrangement of the flap in the up-travel position for hover 
is illustrated in Figure 9. 

■—»-' 
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2.2 PROPELLER, HUB GEOMETRY D170-10038-1 

Geometric characteristics of the propeller blade used in this 
test are shown in Figure 10. The variation with radial sta- 
tion, of blade chord, design lift coefficient, thickness ratio 
and blade twist are presented in this plot. Figure 11 depicts 
the blade planform. Note that the blade pivots for manual 
collective settings about the 35% chord line. 

Three-way collective hubs were used during the non-cyclic por- 
tion of the test. These were replaced with three-way cyclic 
hubs, using identical propeller blades, when cyclic pitch was 
required. Both propeller collective and cyclic angles were 
manually adjusted. 

Figure 12 is a photograph of the 4.80 in. diameter cyclic hub. 
This hub employed a swashplate mounted on a cyclic stack fixed 
to the front of the six component nacelle balance. The outer 
annulus of the swashplate was driven by scissors mounted on 
the rear face of the hub. Cyclic pitch was applied to the 
blades through a set of pitch links. Elastomeric (Lamiflex) 
bearings were used in the hub for blade retention and blade 
angle motion. 

Principal dimensional information and airfoil designations for 
the propellers are listed below: 

Diameter 

Disc area 

2.143 ft 

3.61 ft2 

Root chord 
(at .2r/R) 

Tip chord 

Root section 

Tip section 

Activity Factor 

Overall Blade Twist 

3.20 in. 

2.32 in. 

NACA 64A030 

NACA 64A306 

160 per blade 

33.5° 

u 
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2.3 NACELLE DESCRIPTION D170-10038-1 

A schematio drawing showing the arrangement of the propeller 
hub/ swashplate, slip ring, strain gage Internal balance» and 
air motor In the Inboard nacelle along with the geometric re- 
lationship of the wing with the nacelle and hub center Is pre- 
sented In Figure 13. Similar Information Is depicted for the 
outboard nacelle In Figure 14. Not shown In the two sketches 
Is the flexible bellows coupling that joined the propeller 
shaft to the air motor drive shaft. This coupling,located 
1.875 In. aft of the nacelle balance center. Isolated propeller 
forces and moments. 

The air motor power source, which utilizes a four stage tur- 
bine, is designed to deliver 90 shaft horsepower at 9000 RPM. 
At this design point, approximately 2 lb/sec of air flow is 
required. Compressed air was individually ducted out to 
the Inboard and outboard air motors from the wing root thru 
parallel 1.125 inch diameter air passages located internally 
in the basic wing structure. A 90° bend was used to intro- 
duce the air into the top of the inboard motor plenum in front 
of the first stage turbine. The lack of sufficient wing spar 
material at the outboard nacelle as a result of the relatively 
high thrust line (See Figure 14) necessitated stopping the in- 
ternal wing air passage short of the outboard nacelle and 
angling the air into the outboard motor plenum (45° from ver- 
tical) via a short air passage drilled into a wedge shaped 
piece of material which was bolted to the lower surface of 
the wing inboard of the outboard nacelle. 

A diverging nozzle with eight straightening vanes for elimi- 
nating exhaust swirl was attached to the rear end of each 
motor. 

The location of the propeller thrust line with respect to the 
wing chord plane, and the prop plane location with respect to 
the wing leading edge in terms of percentage of local wing 
chord, can be determined from the information presented in 
Figures 13 and 14. These values are  ited below. 

Prop Distance Distance 
Hub £       below wing chord plane   ahaad wtntt loading adtra- 

Inboard .218 z/c .584 x/c 

Outboard .181 z/c .421 x/c 

The above ratios were established using data obtained during 
a 1969 Boelng-Vertol semispan wind tunnel test of a four prop 
tilt wing model. In this test* various prop hub center line 
locations with respect to the wing were evaluated to determine 
the effect on descent capability. 
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D170-10038-1 
2.4 FUSELAGE GEOMETRY 

Th« fuselage used on Model VR068Q, as shown in Figure 15, had 
a shape generally representative of a four propeller tilt wing 
transport-type aircraft designed for rear ramp loading. Body 
cross section was generally oval with flattened top» bottom, 
and sides in the vicinity of the wing. Principal dimensions 
of the fuselage are as follows i, 

Length 79.88 in. 
Maximum width       13.94 in. 
Maximum depth       14.85 in. 

Locations of the wing and empennage are also illustrated in 
Figure 15. The wing was essentially buried in the down posi- 
tion, protruding only slightly above the fuselage crown line. 
At the rear of the wing center section over the fuselage, a 
spring loaded fairing was located. This fairing, hinged at 
its aft end to the top of the fuselage, was designed to slide 
along the top surface of the wing as the wing was tilted. 

With the wing down, zero wing tilt, the fuselage/wing junctures 
were smoothly contoured. A fuselage cut-out was provided at 
the leading edge of the wing to enable the slat to extend over 
the wing center section as the wing was tilted. 

Figure 15 shows the vertical and longitudinal locations of 
the fuselage balance with reference to the fuselage and wing. 
Mote that the balance was located directly below the wing 
pivot. 

2.5 HORIZONTAL TAIL POSITION AMD GEOMETRY 

The horisontal tail was positioned high on the fin as illus- 
trated in Figure 15. An additional horisontal tail position, 
mid-fin, was available, however, this tail height was not 
utilized during Phase I test BVWT061. 

Figure 16 depicts the geometry of the horizontal tail. This 
tail pivoted for stabiliser angular motion about a line per- 
pendicular to the aircraft axis of symmetry and passing 
through the quarter chord point of its mean aerodynamic chord 
is shown in Figures 15 and 16. Stabilizer angles from +45° 
to -15° were available in 5° increments. Mote in Figure 15, 
that with the maximum stabilizer angle of +45°, the leading 
edge of the root "unported" slightly. 

Primary geometry characteristics of the horizontal tail are 
listed below. 

Tail area, SH 2.764 ft.2 
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Tap«r ratio 

Aspact ratio 

Tail arm, AH 

Tail volume ooofficient, VH 

Dihedral 

gg*H 
-5c- 

D170-10038-1 

0.609 

4.646 

4.288ft. 

1.330 

0» 
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0170-10038-1 
2.6 MODEL INSTALIATIOM ü 

A schematio drawing of the modal air supply systam for power- 
ing the four pneumatic motors of Model V||068Q Is shown in 
Figure 17. High pressure air enters the model through the 
hollow sting extension. Interactions of the model air supply 
system on the fuselage balance measurements were minimized by 
ducting the air symmetrically past the balance from the for- 
ward section of the sting via dual ducts (one per fuselage 
side) and thence into a plenum chamber located forward of the 
balance in the frontal portion of the fuselage. A set of in- 
ternal flexible bellows were used to connect the dual ducts 
to the plenum chamber structure. 

Air for each air motor was individually ducted forward from 
the front wall of the plenum chamber, through separate motor 
control valves, and then aft over the top of the plenum chamber 
via four pipes which were connected to a hollow segmented air 
pivot joint. Four internal wing spanwise air ducts (one per 
motor) were used to direct the air outboard from the wing 
pivot joint into the forward portion of the air motors bolted 
directly to the wing. 

Mass flow into each motor was remotely controlled by the four 
individual motor control valves used in conjunction with the 
main tunnel compressor system controls which established the 
plenum chamber pressure. 

Model VR068Q utilised the main tunnel hydraulically driven 
sting support system. The 16 ft. long sting pivots, for model 
angle of attack motion, about its attachment point on a verti- 
cal moving strut, which enables the model to be retained near 
the center of the test section as the model is pitched. A 
Myaw adapter" that provides pure yawing motion for selected 
angles of attack, was attached to the forward end of the main 
sting. This "yaw adapter" also incorporates a horizontal pi- 
vot and pin arrangement for manually setting the desired 
"pre-bend" angle between the fuselage center line of the model 
and the centerline of the main sting. 

The desired wing angle of attack range for a prescribed combi- 
nation of wing tilt angle and thrust coefficient was achieved 
by selecting the proper "pre-bend" angle. With zero "pre-bend", 
the available fuselage angle of attack range is -20° to +12°. 
The -20° angle is the limit imposed by the maximum up-travel 
of the vertical strut (contact with the tunnel ceiling). The 
maximum positive angle of the sting with respect to the tunnel 
centerline (+12°) results from the limit imposed by the mini- 
mum bend radius of the 3 inch diameter (I.D.) braided steel 
model air hose passing up the vertical strut, through the main 
sting and "yaw adapter", and into the tilt wing model sting 
extension which is bolted to the forward end of the yaw adapter. 
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Selection of a positiv« 10* Npre-b«ndN angle provides * 
fuselage angle of attack range of -10* to +22*, for example. 
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NOTES: 
1) Pressure to plenum remotely 

controlled by main tunnel 
air valve 

2) Mass air flow to each air motor 
remotely controlled by individual 
control valves in fuselage 

Motor Control 
Valves 

Internal Flexible 
lellew» fane per side I 
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-»    -       m»em   »»#««««»» D170-10038-1 2.7 TEST FACILITY 

As mentioned previously, the test was conducted In the 20 ft 
high x 20 ft wide x 29 ft long test section of the Boeing- 
Vertol V/STOL wind tunnel. A schematic view of this facility 
Is presented In Figure itf. 

The slotted throat test section configuration was used for the 
transition or forward flight portion of the test. This tunnel 
configuration Is obtained by removing covers from slots built 
Into the test section walls, floor, and ceiling. 

During the hover phase of the test, the 29 ft long x 20 ft 
high test section walls were removed and lowered Into pits. 
The raising of the test section celling to the top of the 67 ft 
diameter plenum chamber that surrounds the test section 
provided a hover test area with a height,as measured from the 
solid test section floor used as a ground plane, of approxi- 
mately SO ft. 

The auxiliary air for powering the four nacelle pneumatic 
motors was supplied by a 20 pound per second, 1000 psi compres- 
sor system. 

v.: 
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3.0 INSTRUMENTATION AND EQUIPMENT D170-10038-1 

3.1 MODEL INSTRUMENTATION, 

Mod^l in«tpurt«ntation consisted of the following items: 

a) Six Component Strain Gage Fuselage Balanoe 

Total aircraft normal force, axial force, pitching moment, 
yawing moment, foiling' moment, and side force were measured 
by this balance, that was located with its longitudinal 
axis parallel to the body centerline and with the balance 
center directly below the wing pivot as shown in Figure 15. 

b) 
i       i 

Six Component Strain Gage Balance in Each Nacelle 

Identical balances were used in the outboard and inboard 
nacelles and.were similarly located as shown in Figures 13 
and 14. Each balance measured propeller thrust, pitching 
moment, normal force, yawing moment, side force, and roll- 
ing moment. The rolling moment in this case was the fric- 
tion torque produced by the bearings and cyclic pitch me- 
chanism. In addition to measuring steady values, normal 
force, pitching moment, and propeller thrust from selected 
nacelles were displayed on oscilloscopes so that dynamic 
loads in the balanoe flexures could be monitored to pre- 
vent exceeding the fatigue allowables. 

c) Strain Gaged Propeller Drive Shafts 

Each nacelle assembly Incorporated a high speed slip ring 
assembly for the purpose of transmitting electrical signals 
from the strain gage bridges measuring torque. 

d) 'Tachometers 

The rotational speed of each propeller was measured by a 
tachometer, installed Internally behind the front bearing 
of the air motor. This type of tachometer worked on the 
pulse generator principle (thirty pulses per cycle)• Four 
digital voltmeters Were used for direct readouts following 
amplification of the signals. 

e) Wing Tilt Angle Potentiometer 
1   1 i 

Wing tilt angle was' measured using a precision potentio- 
meter.    A gearing arrangement was used to prevent potentio- 
meter slippage due to model motions. 

f) , BSarlng Temperature Thermocouples 

Each propeller shaft thrust bearing,  located in the nacelle 
i 
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Dl70-10038-l 

stack, wae instrumented. The four bearing t~mperatures 
were displayed on the control panel for model condition 
monitoring purposes. 

g) Air Passage Metering Valve Position Indication 

Mass flow into each air motor was individually controlled 
by a metering valve. The position of these four valves 
was displayed on the . control panel as an aid to the opera­
tion of the four air motors. 

3.2 OAT~ ACQUISITION SYSTEM 

The flow diagram of the wind tunnel d~ta system used in this 
test is shown in Figure 19. Th is data system can acc:ept up to 
120 channels from a model and the tunnel itself. These signals 
are r outed as illustrated to an IBM 1800 computer for process­
ing and data reduction. The computed results are tabulated by 
a line printer and selected quantities are plotted by the X-Y 
plotters. Final data is stored on magnetic tape. 

A digital display of any nine channels is also available during 
testing for monitoring purposes. Dynamic data of six quanti­
ties can be continuously displayed on oscilloscopes. This 
provides assistance in preventing balance or structural limits 
from being exceeded. 

A choice of sampling rates in terms of samples per channel/sec. 
a nd in sampling time periods is available. The sampling pro­
cess is a ccomplished with channel switching devices called 
multiplexers . 
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4.0 DATA REDUCTION D170-10038-1 

c 

At each tmut point, measurements were taken for computing and 
printing out on-line the quantities listed below. 

Air supply line pressure 

Density, p 

Freestream dynamic pressure, q 

Fuselage angle of attack, a« 
(correction applied for sting deflection) 

Model height, h 

Propeller speed (each propeller) 

Shaft torque (each propeller) 

Tunnel velocity, V 

Wing tilt angle, iw 

psi 

slugs/ft3 

lb/ft2 

degrees 

inches 

RPM 

ft.lbs. 

ft/sec 

degrees 

The following aircraft forces and moments were measured by the 
fuselage balance. 

Normal force (positive:up) lbs. 

Axial force (positive:forward) lbs. 

Pitching moment (positive:nose up) ft.lbs. 

Yawing moment (positive: nose right) ft.lbs. 

Rolling moment (positive:right wing down) ft.lbs. 

Side force (positive:to the right) lbs. 

Balance interaction cprrectlona to these measured forces and 
moments were calculated and applied on-line using the balance 
interaction matrix Incorporated into the data program. Static 
pressure tares, resulting from the high pressure model air 
supply lines extending forward from the model sting extension 
into the plenum chamber located in the frontal portion of the 
fuselage, were also applied on-line. The static pressure tare 
curves inserted into the data program were linear and of the 
following magnitude at 300 psi, a typical operating line pres- 
sure . 
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Normal force»  -4 lbs. D170-10038-1 

Axial fore«: -10 lb«. 

Pitching moment: -1 ft.lb. 

Yawing moment:  +1 ft.lb. 

Rolling moment: +2 ft.lbs. 

Side force:   -2.5 lbs. 

At each test point, the value of jet thrust produced by each 
air motor was established by entering the jet thrust oorrecticn 
"look-up" tables incorporated into the computer program as a 
function of shaft torque. The components of jet thrust in- 
herent in the measured values of aircraft normal forcer axial 
force, and pitching moment were extracted on-line, as a func- 
tion of wing tilt angle. 

Finally, model weight tare values for a particular wing tilt/ 
fuselage angle combination and model configuration were deter- 
mined and applied on-line using the appropriate weight tare 
equations inserted into the data program. 

Aircraft normal force and axial force from the fuselage bal- 
ance were resolved on-line into the wind axis system in order 
to compute 

Lift, L lbs. 

Longitudinal force, X(positive forward)     lbs. 

Aircraft pitching moment measured by the fuselage balance was 
transferred on-line to the wing pivot for runs wherein wing 
tilt angle was varied (fuselage angle was held constant) and 
to an aircraft e.g. position representative of the wing tilt 
angle for runs wherein fuselage angle was varied (wing tilt 
angle held constant)or yaw angle was varied. 

Aircraft forces and moments were reduced on-line to the follow- 
ing coefficient form based on slipstream dynamic pressure. 

Lift coefficient, CL » -^ 
•   <I8S 

Longitudinal force coefficient, Cy « -3L 
8      <3as 

M Pitching moment coefficient, CM    ■ Ms      qscS 
(where c-MAC of tapered wing) 
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Side for« co.ffici.nt, Cy   - sid; USS*        O170-"038"1 

Yawing momsnt coefficient, Cn   ■ Yawin|b
inom*nt 

qtSb 

Rolling moment coefficient, C^   - Rollin|b
n>om*nt 

Aircraft lift, longitudinal force and pitching moment were 
also reduced on-line into the following non-dimensional form. 

T T\ M 
&?    '    &?    (Positive aft for drag), JJ^ 

Each of the four internal nacelle balances measured the 
following forces and moments. 

Thrust, T (positive:forward) lbs. 

Prop normal force  (positive:up) lbs. 

Prop pitching moment  (positive:nose up) ft.lbs. 

Prop side force  (positive:to the right) lbs. 

Prop yawing moment  (positive: nose right) ft.lbs. 

Prop rolling moment  (same as friction torque) ft.lbs. 

A balance interaction matrix for each nacelle balance, as 
developed from the static calibration, was incorporated into  . 
the on-line computer program.    Interaction corrections to the 
measured propeller forces and moments were calculated and 
applied using the appropriate nacelle interaction matrix. 
Weight tares due to the weight of the propeller/hub assembly 
were then calculated and corrections applied on-line. 

Pitching moment and yawing moment that were measured about the 
balance center were transferred to the hub g so that hub 
moment coefficients could be calculated at the plane of the 
propeller.    The following propeller-type coefficients were 
computed and printed out on-line for each of the four pro- 
pellers. 

Advance ratio, J "    ^K no J 
Thrust coefficient, C^ m pnäDi» 

Prop pitching moment coefficient, 
C     ■ Prop pitching moment 
^ ~'    pn2D5 
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Prop «haft power coefficient, Cp - Shaft power 
pn3D5 

, 2Tr (Shaft torque) 
pn2D5 

Prop normal force coefficient, CNF - ProP ^f1*1 force 
P      pn2DH 

Prop side force coefficient, Csp - 
ProP 8ide force 

P    PKW 

Prop yawing moment coefficient, prop yawing ^^t 

^"P "     pn2D5 

Friction power coefficient, 
2ff(Balance rolling moment) 

PF E       pn2D5 

Coefficients of prop thrust, prop pitching moment, and prop 
normal force in slipstream notation were also calculated and 
printed out on-line for each propeller per the following 
listing. 

T 
Thrust coefficient, C. » T s  «JsAp 

Prop pitching moment coefficient, prop pitching moment 

^s "     qsSC 

Prop normal force coefficient. 
Prop normal force 

CN
V   qss 

where qs ■ q + T/Ap 

Full scale aircraft rate of descent in ft/min and velocity in 
knots were computed on-line at each test point by the follow- 
ing equations inserted in the data program. 

*"■"(£) -3 •/ 

v.-»v(i^Fj 
[(qbO   (qb2) J 
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The weight term used in the above equations was commensurate 
with a typical full scale tilt wing aircraft operating at its 
maximum gross weight in the "v" mode which corresponded to a 
wing loading (W/S) of 66 lb/ft2. This value was increased to 
73.51b/ft2 to account for the difference between the average 
tunnel density used in the above equations (p«.00228 slugs/ft3) 
and the typical atmospheric design conditions of 3000ft/90oF 
(p*.00204 slugs/ft3) for a full scale tilt wing. 

The following equation was used in the data program to compute 
propeller induced velocity, w, in ft/sec. 

w1* + w3 2V cos iw + w2V2- /—^-\2 

The above parameter was used to determine the effective wing 
angle of attack, aH  , at buffet onset. This angle is defined 

as the angle between the wing chord and the resultant velocity 
at the wing. The resultant velocity was obtained by adding 
vectorially, the tunnel velocity and the induced velocity 
at the leading edge of the wing, assuming full contraction of 
the propeller wake at the wing leading edge. 

Three wind tunnel X-Y plotters were used to produce on-line 
plots of the following during pitch sweeps. 

Force polars in terms of C^ vs Cx 

or L/qb2 vs D/qb2 

Lift curves in terms of Cj, vs af 

or L/qb2 vs iw 

Pitching moment curves in terms of M/qb2c vs iw 

or CM vs aF 

No tunnel wall corrections were applied to the data. 
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5.0 TEST PROCEDURE AMD TEST CONDITIONS 

5.1 TEST PROCEDURE 

The fuselage and four nacelle strain gage balances were check 
calibrated statically with the model built-up and installed 
in the test section (i.e., plumbing was installed and the 
nacelles were assembled) by applying known forces and moments 
on each balance. The resultant calibrations compared favor- 
ably with those obtained previously from the bench, calibration 
of the same balances. Balance interaction matrices utilized 
in the on-line computer program were developed from the bench 
calibration data. 

The installed model was then statically pressurized in incre- 
ments to determine the effect on the measured forces and mo- 
ments from the fuselage balance f of the high pressure air 
lines extending forward from the sting, across the fuselage 
balance, and into the plenum chamber located in the nose of 
the fuselage. Static pressure tares developed from this cali- 
bration were incorporated into a look-up routine in the data 
program so that corrections could be applied on-line to forces 
and moments sensed by the fuselage balance. 

Sting deflections due to the net vertical force (lift minus 
model weight) acting on the model were established by hanging 
known weights on the model and measuring the true fuselage 
angle of attack with an inclinometer. The resultant correc- 
tion surve fshowing incremental fuselage angle of attack as a 
function of net vertical force, was inserted into the computer 
program so that the indicated fuselage and wing angle of 
attack could be adjusted on-line to true values. 

Duo to the different resultant stiffnesses of the inboard ani 
outboard nacelle when mounted on the model, it was necessary 
to dynamically balance each of the propeller/hub assemblies 
(cyclic plus collective hubs) in place on the wing. The 
balancing target in each case was +10% of the allowable 
fatigue load for nacelle balance pitching moment and normal 
force, which were monitored during the test. 

The jet thrust produced by each air motor was determined by 
individually running each motor in place on the model with 
a cylindrical cross section "propeller" installed and zero 
tunnel q. This tubular "propeller" was utilized so that the 
air motor torque could be absorbed without the simultaneous 
production of propeller thrust. The calibration curves as 
obtained from resolving fuselage balance yawing moment are 
presented in Figure 20, as a function of shaft torque. These 
curves were incorporated into the computer program so that the 
jet thrust produced by each motor could be extracted on-line 
from the forces and moments measured by the fuselage balance. 
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Prior to per forming th« actual data runt with a particular set , 
of propeller hub a'asemblias installed (collective or öyclic 
hubs),  it was necessary to balance the thrusts from the four 
propellers. This procedure was straightforward in the hover 
portion of the test, wherein the collective blade angle of 
each, propeller wai manually adjusted until the maximum thrust 
difference between propellers was within 1% of the total 
thrust from the four propellers* The total propeller thrust 
varied from approximately, 45Q lb. with collective hubs (6800 
RPM and 141» average blade angle ^0.75 blade radius) to 230 ,1b. 
with cyclic hubs, (5000 REM and 12.5* average blade angle). 
During the forward flight portion of the test, it was necessary 
to examine the thrust balance at the tunnel dynamic pressures 
and representative wing tilt angles for which data was to be . 
acquired and ad'just the collective settings accordingly. 

Weight tares were taken for each significant mod^l configura- 
tion. Subsequent to the incorporation of the weight tare data 
into the on-line data program, wind-off data points were ac- 
quired at'a couple of model angles to ensure that the weight , 
tare routine was accurately functioning. , 

As, mentioned previously; test BVWT 061 was performed using 
two different tunnel test section configurations: (1) walls/ 
celling removed and solid floor for the hoVer portion and (2) 
slotted walls/eelllng/floor for the forward flight portion. 
In the'hover'runs, ground height was varied, with the wing 
tilt angle being held constant at 90* and, fuselage angle at   ' 
zero degrees. Five Values of model height above the tunnel 
floor were preselected, with the height measured vertically . 
from the plane of the outboard propeller. These heights 
corresponded to , 4•0, 2.0, 1*5,1.25, and 1.0 propeller dia- 
meters. ...   '   .  •    '   i ■   ' 

A dynamic problem was experienced on sting mounted Model 
VR068Q operating in the hover mode with the wing tilted at 
90°, that resulted in a scatter of the yawing and pitching 
mdmeiit data* The distance from the center of the fuselage 
balance to the tunnel sting pivot on the vertical strut was 
over 25 ft. This problem, which manifested Itself In a long 
period random-type model oscillation (approximately 10 'second 
period), was largely circumvented by increasing the time , 
period for data sampling to 10 seconds and averaging the 
moments from.a mlhimupi of three data points at the most dyna- 
mically critical test conditions*      >     ■   > 

All hover runs were performed at constant RPM« 5000 RPM with' ' 
cyclic hubs and'6800 RPM with collective hubs. , 

■' ■ ' . 

, Two separate test procedures were used during the forward 
flight portion of the test:  (1) wing tilt angle pitch sweep's 
with the' fuselage level for the descent performance runs, hnd 

i • . ' • 
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. i i '      ■     ■    i     ' 

' . ■     . ' ., •'   '■       - 

i i ' k. .      *      i 
lli*** - .■iU»iW»ä«i^*i«»iwJ»*-WJ<...«»-'.-,>..«f...«..w.~..^-. .....-..„y^..,. —mmmmmmmtmmmmmm  -  

"" '"" '" ■n,|iriWi'ilT','''i;^-miiiiwWiiBi'iiiirtc 

c 

I 



};•!! 
'vmiimnti mmm i i 

i 

, D170-10038-1 

(2) fuselage angle pitch «weeps with a fixed wing tilt angle 
for the longitudinal stability and control runs. These transi- 
tion runs were conducted with a constant tunnel q and propeller 
RPM (except the sero thrust coefficient/ CT ,  runs, wherein 
propeller RPM was reduced as the röodel was pitched to maintain 
zero propeller thrust)i 

Maximum tunnel dynamic pressure utilized during test BVWT 061 
(approximately 30q) occurred ^hiring the zero thrust runs. The 
lowest tunnel q used (l.Oq) was that that could be achieved 
with reasonable accuracy. This q value established the maxi- 
mum test value of CT . Tunnel dynamic pressures between these 
two extremes were selected tö achieve the desired spread of Cm 
'values.   ,  , ' ,        t . 

i 

Throughout the test, dynamic loads as measured by the nacelle 
balances (pitching moment and normal force from the four pro- 
pellers'and thrust of two of the propellers) were continuously 
monitored via oscilloscope presentations to ensure that fatigue 
loads inside the four nacelles were not exceeded. The drive 
shaft bearing temperatures' in each of the nacelles were also 
continuously monitored to prevent running with overheated bear- 
ings» 

5.2 TEST CONDITIONS 

Tabulations oh the following pages summarize the data runs per- 
formed during the subject test (BVWT 061) in terms of key test 
variables. The runs have been arranged in sets according to 
te^t objectives. Air motor jet thrust calibration runs and 
thrust balancing runs required for "setting-up" the model, have 
been deleted from the listings. All data runs were performed 
with the P1'2 prop rotation (props turning'down between the 
nacelles)'. 

4he tabulations on the following pages do not include two runs 
(Runs 10} and 102) that were performed to investigate the 
effect of propeller RPM on the forces and moments measured by 
the fuselage balance. 

Ranges of propeller thrust, slipstream thrust coefficient, and 
slipstream q as attained during the runs to determine descent 
capability are plotted in Figures 21 through 23 and Figures 24 
through 26 as a function of wing incidence angle for runs with 
collective hubs and cyclic pitch hubs, respectively. The range 
of slipstream thrust coefficient evaluated during the forward 
flight longitudinal stability testing varied from zero CTB to a 
maximum CT. of 0r97. This testing was phased so that the longi- 
tudinal stability and trim with the smaller wing tilt angles 
(0° and 15*) was examined at the low end of the CT« spectrum 
and large wing tilt angles (up to 70s)were examined at the high 
end. 
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Vr    A check was mada in Run 31 to «stabliih tha variation of pro- 
peller thrust with (RPM)2. This was of oonoarn since a flexi- 
ble coupling (with a thin wall to reduce centrifugal stiffen- 
ing) was used to isolate propeller forces and moments. Centri- 
fugal stiffening of the coupling would result in a low measure- 
ment of propeller thrust. If Mach number and Reynolds number 
effects on lift curve slope were negligible, along with 
coupling effects, the thrust would vary linearly with (RPM)2. 
The data presented in Figure 27 shows that the propeller 
thrust varies linearly up to 5500 RPM and 2.5% beyond linear 
at the highest propeller speed (7400 RPM), thus indicating only 
small effects due to the flexible coupling. 

..■ 
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Figure 20 
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€ BVWT 061 
RUM SUMMARY 

HOVER 

D170-10Ö38-1 

c 

FLAP SPOILER 
ANGLE ANGLE 

CYCLIC LEFT /RT 
WINyWING 

LEFT /RT 
WING/WING RUMS HUBS ANGLE RPM OBJECTIVE 

Cyclic  | 
17 Cyclic 0° SO 00 0/0 o/o Pitch Control! 

18/21 +4» 
22 +6» 

1 23 +8° 
24 -4° 
25 
26 • 

i i 
-6° 
-8« 

y 1 i f ♦ t 
34 Coll. i 6800 0/0 0/0 Yaw Control 
40 0/40 
41 0/50 
42 :- 0/60 
43 -40/60 i r 
44 -40/0   1 
45 0/0 40/0   1 

i 46 Y t T 0/0 60/0 t 

NOTES; 

1.    Wing tilt angle:    90* 

!• SISS ä&la sasÄ-ui;-':.. 
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BVWT 061 
RUN SUMMARY 

FORWARD FLIGHT   (TRANSITION) 

D170-10038-1 

CYCLIC FLAP SLAT 
CT. RUNS HUBS ' ANGLE RPM ANGLE POSITION OBJECTIVE 

Low Speed 
48 Co! .1. —. Vary 0 , 0  ,Ä* 

0 Descent Capability 
49 1 ^ 20° Qio,ip,io: / 
54 6800 60• .85 

p5/57 .75 
56 w + .64 

57/58 t » .43 
! 59 50» Q*,10,10* .85 

60 .75 
61 i i .64 
62 t .43 

113 \ f \ > Vary 40° 0 
133 T « • 60» / 

158 Cyclic 0° 4750 .85 
159 .75 
160 J .58 
161 .37 
162 +4a .85 ■ 

163 ' \ •  ' 
« 

^ 
i « .75' 1 

NOTES: 

1. Wing tilt angle sweeps 
2. Average collective setting with collective hubs: 
3. Average collective setting with cyclic hubs: 13° 

14« 
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€ BVWT 061 
RUM SUMMARY 

FORWARD FLIGHT (TRANSITION) 

D170-10038-1 

inxr* J mar. 1  Cm 1 RUNS HUBS RPM ANGLE iw | ANGLE i V {OBJECTIVE 1 

63-65 co: Ll. 6800 1 60* 3P# 1 "*"" .55,.70,.81 Tail Off "1 
66-68 +20» .81,.70,.55 Long. Stab 
6»r7I ! +15« 

\ 
Horia.Tail 

72-74 w +10* Eff«otlva- 
75 f +25• .81 MM and 
80-82 15# — .70,.50,.30 iTrim 
83-86 +10# 

87-89 1 +15* 1 
90-92 \ 1 w 1 ♦f* t 
93/94 > f 1  1 f 1 +20». .70,.50 
95/97 1 | 40» 0* ... .50,.30 

1 1 
»8-100/112 6000 ... .50,.30,0 
0.03-105 -5* 
£06-108 0* . V;"      '] 

109-111 t -10* T 
Q.14/115 1 0# — .30,0 
0.16/117 1 -5# 1 
118/119 -10« 1 1 120/121 ■' 

W o« t 
122/123 
124/125 

6( >• 45« 
+35» 

.92,.81 
1 

126/127 +30« 1 

^28/129/131 +25» '     1 

130 1 +20» .81 
132 1 55• •»_ - .94 

v 1 
134 

V u .+45» \ 135 40* — 1 
136 70» ... .97 
137-139 30» | ■"*" 

.81,.70,.55 
140-142 +15» 
143-145 +20» 
147-149 i t   ■ +25» 

w 
\ f       I 

150/151 »  ' 1 +10# .70,.55 
152/153 60° ! +20# Check at 1 

lower RPM 
154/155 i r 1   i • <i f • 

•   " 
Center tlatt 

1 

1 removed  | 

NOTES; 
TTTuselage angle f»epe 
2. Average collective setting» 14.25« 
3. Slat aetting» Q*» 10#10»* 
4. RPM actually varied during tero C^ 

zero thrust. 
rune to maintain 
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Figure 21 
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Figure 22 
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Figure 23 
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Figure 24 
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Figure 25 
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Figure 27 

(RPM)2 x 10"6 

VARIATION OP PROP THRUST 
WITH   (RPN)2 
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6.0 TEST R£SULTS AND DISCUSSION 

The primary objectives of this Phase I test of the full span 
four prop tilt wing Model VR068Q, which was equipped with 
cyclic pitch propellers for low speed longitudinal control, 
were outlined in the Introduction and consisted of the follow­
ing four major topics. 

a. Cycli~ Pitch Control in Hover 
b. Yaw Control in Hover 
c. Low Speed Descent Performance 
d. Longitudinal Stability and Control in Transition 

In addition to the above listed objectives, ~he data from the 
subject test cal~ be used in conjunction with the data acquired 
during the isolated prop test of an identical prop/hub/nacelle 
assembly (Reference 1) to determine the effect of the wing on 
propeller forces ~nd moments. 

As mentioned previously, in the Introduction, the damage to 
the aft radial Larniflex bearings in the left inboard cyclic 
pitch hub assembly that occurred during cyclic pitch running 
on August 20, 1970 (Run 163), resulted in the remainder of 
the cyclic pitch runs planned for Phase I and not performed, 
to be rescheduled for comple~ion during the later Phase II 
test. 
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6.1 CYCLIC PITCH CONTROL IN HOVER D170-10038-1 

The eff«otiv«nes« of th« propellers In producing aircraft 
pitching moment when cyclic pitch is applied was investigated 
in the hover mode with a clean configuration (no flaps or slats 
extended/horizontal tail removed) and the wing tilted to 90°. 
Data was acquired at five preselected ground heights which 
varied from an h/D of 4.0 to an h/D of 1.0. The parameter h/D, 
has been defined as the ratio of the distance between the out« 
board propeller plane and ground plane to the propeller dia- 
meter. For clarification purposes, other key model height re- 
lationships are compared below to the parameter chosen. 

If h (outboard prop plane)/D «1.0 
h (inboard prop plane)/D « 1.129 
h(wing pivot point)/D   « 0.642 

Presented in Figure 28 is the measured variation of aircraft 
pitching moment (about the wing pivot) with cyclic angle for 
the ground heights tested. The variation is found to be linear 
over the range of cyclic pitch angles evaluated (-8° to +8°) 
and the aircraft pitching moment is seen to be essentially in- 
variant with ground height, however, there is an indication of 
a "fall-off in pitching moment at h/D's of 1.5 and 1.25 for 
cyclic angles of +6° and +8°. Since the same trend was not ex- 
hibited with negative cyclic angles,the noted "fall-off" is 
probably data scatter. The following check was made to assure 
that the positive aircraft pitching moment measured with zero 
cyclic angle resulted largely from the moment produced by the 
propeller thrustlines being located below the wing pivot. 

M   „ ZIWBD * zOUTBD 
D»T   '    25    "" 
ZINBD' distance from inbd prop thrustline to wing pivot 
z0UTBD' distance from outbd prop thrustline to wing pivot 
D, prop diameter 

M m   l|i|ytl|ft! m    .033 (noted on Figure 28 ) 

Figure 29 is an equivalent presentation for the left inboard 
prop as measured by the nacelle balance. The hub pitching mo- 
ment is linear over the cyclic angle range tested and does not 
vary to any extent with ground height. 

Depicted in Figure 30 is a comparison for the h/D=4.0 case of 
the hub pitching moment variation with.cyclic pitch angle for 
the four propellers •  u0 a^or dtfJEerence (beyond a value 
of 10% favoring the butboaraprops) can be ascertained Be- 
tween the ability of the taooard props and outboard props to 
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produce hub pitching moment upon application of cyclic pitch. 
The average value of hub pitching moment coefficient per degree 
of cyclic UCM /AY«.00205) agrees well with the corresponding 
value measured^ (AC» /Ay».00215) during the isolated propeller 

test reported in Reference 1. Thus, it appears that there is 
no influence of the wing and fuselage on the cyclic pitch 
effectiveness in hover. 

Incremental aircraft pitching moment (about the wing pivot) due 
to cyclic as measured by the fuselage balance is compared in 
Figure 31 for the h/D-4.0 case, to the averaged prop hub 
moment as measured by the four nacelle balances. It can be 
noted that the aircraft pitching moment produced by cyclic is 
27% greater than that contributed by the four propeller hubs. 
The positive difference is attributed to the prop normal force 
acting about the wing pivot. 

Figure 32 examines the variation of prop normal force with 
cyclic pitch and ground height. This figure shows that the 
change in prop normal force with cyclic is in the correct 
direction, i.e. with positive cyclic a negative Increment in 
prop normal force is produced that in turn produces a negative 
pitching moment about the wing pivot. The following calcula- 
tion was made to evaluate the magnitude of aircraft pitching 
moment resulting from prop normal force. 

ACNP
O   ^OUTBD) 

+ ACNF- „.„ (XINBD) 
AMU       PoaTBD PlNBD      / 

0^/p1V0T 2D * Cp 

ACNP     ■ .0143 for 8° of cyclic 
POUTBD 

xOUTBD " ,768 ft»» distance from prop plane to pivot 

ACtip    ■ .0178 for 8s of cyclic 
PlNBD 

XINBD * ^•045 ft., distance from prop plane to pivot 

CT « .171, average prop thrust coefficient 

/ AM\     _ .0178 (1.045)->-.0143 U768) 
( DTT^VOT m<2i4^nn) ^ 

".04 for 8* of cyclic (noted in Figure 31 ) 

The average value of prop normal force coefficient per degree 
of cyclic  (ACNp /AY».0160/8».002) measured during this test 
can be noted to be over twice that measured during the isolated 
prop test of Ref i, Mft« difference requires more investigation. 
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Effect of Cvolio Pitch on Thrvtst D170-10038-1 

Figure 33 depicts the email changes In average thrust coeffi- 
cient that occurred as cyclic pitch was applied and the dis- 
tance of the model from the ground was decreased. For this 
figure» the average thrust coefficient was chosen to be pre- 
sented In lieu of Individual propeller thrust coefficients» as 
a result of the small differences In thrust that existed be- 
tween propellers. Figure 33 shows a 4% decrease In thrust co- 
efficient upon application of 8° of cyclic pitch for a propel- 
ler operating at constant RPM and collective, whereas» the 
Isolated prop data reported In Reference 1,  Indicates a 4% In- 
crease for the comparable hover test condition. 

Effect of Cyclic Pitch on A/C Longitudinal Force 

The variation In longitudinal force with ground height and 
cyclic pitch angle Is presented In Figures 34 and 35 for nega- 
tive cyclic angles and positive cyclic angles» respectively. 
Longitudinal force Is expressed In terms of the ratio of fore 
and aft force to total propeller thrust and consequently» re- 
presents fore and aft aircraft acceleration In hover. Figures 
34 and 35 show that as the aircraft approaches the ground 
(h/D-1.0 and zero cyclic pitch) more of the propeller slip- 
stream Is turned forward than aft» resulting In a net aft lon- 
gitudinal force acting on the aircraft /-x\. The effect of 

cyclic pitch control application» when In the proximity of the 
ground» Is to Increase the net aft longitudinal force with 
negative cyclic angles and decrease the net aft longitudinal 
force with positive cyclic angles. 

Noted on Figures 34 and 35 are the Incremental amounts of prop 
normal force for 8* of cyclic as determined by the nacelle 
balances and the following calculation. 

AX/T - ACNPp/CT 

ACJJP • »016 for 8° of cyclic» average four props 

Cp » .171» average prop thrust coefficient 

■ .093» positive for positive cyclic 

It appears that when cyclic pitch Is utilized out-of-ground 
effect» the X force generated on the wing by the propeller 
slipstream Is In the opposite direction to the prop normal 
force and tends to offset It. 
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Effect of Cyclic Pitch on ~haft Power 

The effect of cyclic pitch on propeller shaft power (includes 
the friction losses in the cyclic hub assembly) at the differ­
ent hover heights evaluated is presented in Figures 36 and 37. 
Shaft power for the inboard props is shown in Figure 36. 
Corresponding information for the outboard props is shown in 
Figure 37. A line has been drawn in each of these figures to 
represent the average variation of shaft power with cyclic 
pitch for the h/0=4.0 case, that is the average power varia­
tion considering both positive and negative cyclic angles. 
Prox1mity of the ground can be noted to exert only a small in­
f luence on the power requirements. 

The average shaft power curves (h/0=4.0) of Figures 36 and 37 , 
reduced to the form of Cp/Cp , are compared in Figure 38 to 

y=O 
to the corresponding curve obtained during the isolated prop 
test reported in Re ference 1. Shaft power increase due to 
cyclic as measured during the isolated prop test is seen to be 
essentially an averag-e of that mec-.sured on the outboard and in­
board props of the subject test . 

The outboard props exhibit higher power requirements than the 
inboard props. This is probably a result of the overlapping, 
whereby the outboard props have been placed in the direct in­
fluence of the inboard props. However, the di~ference in power 
requirements between the outboard and incoard props appears to 
be excessive . 

Not-:!d in Figure 38 is the friction power increment as measured 
by the rolling momen~ components of the six component nacelle 
balances. The difference between the shaft power curve and the 
friction power is the aerodynamic power required by the cyclic 
pitch action. 
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Figure SS 

O 
A/C PITCHING MOMENT DUE TO CYCLIC IN HOVER 

VARYING GROUND HEIGHT 
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6.2 YAH CONTROL IN HOVER D170-10038-1 

Yaw control In hover is achieved by differential wing surface 
control deflections, that is, the double slotted flaps are de- 
flected down on one wing and both the flaps and spoilers are 
deflected up on the opposite wing. The flap arrangement for 
the downward flap deflections tested on the right wing is de- 
picted in Figures 6 and 7. Figure 9 shows the up-f lap position 
tested on the left wing. 

The hover mode yaw control testing accomplished during Phase I 
test BVWT 061 was conducted with the leading edge slats retrac- 
ted, a wing tilt angle of 90*, horiaontal tail removed, the 
pl,2 prop rotation (both props turning down between the na- 
celles) , and a propeller speed of 6800 RPM, which resulted in 
a hover disc loading of 34 lb/ft2 with the collective blade 
angle setting of 14*. Data was acquired at the same five pre- 
selected ground heights used for the cyclic pitch control test- 
ing, namely, h(height of outboard prop plane to ground plane)/D 
values that ranged from 4.0 to 1.0. Results of this hover yaw 
control testing are presented in terms of the non-dimensional 
yawing moment parameter Y.H./tT, wherein 

■, 

C 

Y.M., aircraft yawing moment 

l,       average distance from inboard 
and outboard propeller fi's to 
fuselage C 
(2.653 ft. on the model) 

T,   propeller thrust (total) 

ft.lbs. 

ft. 

lbs. 

Hover yaw control power available with the double slotted flaps 
was measured incremently, that is, separate runs were performed 
with the following yaw control configurations. 

a. Double slotted flaps deflected down on the right wing, 
clean left wing. 

b. Up-f lap deflection on the left wing, clean right wing. 
if 

c. Differential flap deflection, flaps down on the right 
wing and up on the left wing. 

Yaw Control with Downward Flap Deflection 

Non-dimensional yawing moment essentially varied linearly with 
flap angle over the angle range evaluated (40*, 50* and 60*) 
end ground height ratios tested as shown in Figure 39. Note 
that the lines were drawn to Intersect the abscissa at 5* of 
flap angle. 
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Flap angle on Model VR068Q was defined at the angle between 
the main flap chord line in the retracted position and the main 
flap chord line in the extended position. See Figures 6 and 7 
for sketches of the deflected flap. The relatively high wing 
thickness ratio (21% t/c at the body £ to 15% t/c at the tip) 
in combination with the large flap Fowler action results in 
the flap being tilted down in the retracted position. See 
Figure 8. If in the initial portion of the flap extension pro- 
cess» the flap is moved aft along its own chord line (main 
flap chord line)» the flap would be deflected at a net negative 
angle. As a consequence» the effective aero position for the 
flap was chosen as 5* 6p» which is the averaae angle between 
the main flap chord line and the wing chord line. This angle 
varies from 5.7s at the body g to 4.5* at the tip. 

Figure 40 illustrates the variation in non-dimensional yawing 
moment with h/D for the various downward flap deflections 
tested. At ground heights less than m value corresponding to 
an h/D of 1.50» the yawing moment capability decreases at a 
relatively high rate. 

Run 42 (6p-60o) was used in conjunction with Run 34 (6F«0
o) to 

calculate the slipstream turning angle» 0» for the out-of- 
ground effect conditions (h/D«4.0 and 2.0). In this calcula- 
tion» it was assumed that the forces acting on the right wing 
were independent of those acting on the left wing. 

e ■ tan "! net X force on right wing 
net L (lilt) on right wing 

. t.n -1 -80.9 lbs.(Run 42)-5.5 lbs.(Run 34)  
m ibs.Uotai^Run 42)-23d.4 lbs. (left wing L) 

- tan "l -8C«< 

- .433 or 23.4* 

This number agrees well with the value that would be predicted 
using Section 9.2 of DATCOM (Reference 2) for a double Slotted 
flap of comparable flap chord to diameter ratio» Cp/D. 

Cp/D«Cp/c (c/D) 

Cp/C« .49 (ratio extended flap chord to wing chord" 
constant percentage for wing) 

c/D * .45 (ratio of average wing chord to diameter) 

Cp/D-.221 

DATCOM indicates a max turning angle of 24* for this ratio. 
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D170-10038-1 
Yaw Control with Diffwrmtial Flap D«fl»otionB 

Figur« 41 shows ths yaw control available with th« flap de- 
flected differentiallyi 60* down on the right wing and 40* up 
on the left wing. Data is also presented in this figure from 
the runs performed with the individual flap motions. It is 
shown by the dashed line on the plot« that the yawing moment 
achieved with the individual motions is directly additive, i.e. 
the same, total value of Y.M./AT was obtained when the up and 
down flaps were operated simultaneously on opposite wings as 
for the summation of the individual contributions. Noted in 
Figure 41 is the h/D ratio that corresponds to the aircraft 
hovering in-ground-effect with wheels two ft. off the ground. 

Since an out-of-ground effect condition exists at h/D's 
greater than 2.0, it would be expected that the measured yaw- 
ing moment would not change, especially decrease between 
values of h/D of 2.0 and 4.0. This was not reflected in the 
test data from Model VR068Q as Figure 41 clearly shows, but was 
indicative» however, of the hover yaw control data acquired 
during the four prop tilt wing testing that Boeing-Vertol con- 
ducted in 1969, in the same wind tunnel. Zt should be pointed 
out that the 1969 tests were performed on a model that was 
power limited to a hover disc loading that was approximately 
only 1/3 of that achieved in th« subject test. 

During the BVWT 061 hover testing, long wool tufts were placed 
around the model such as en the open railing located at the 
sides of the ground plane, to check for recirculatlon. No 
tuft movement of any magnitude could be discerned at model 
heights of 4.0 and 2.0 h/D. The tufts were not placed in a 
position, though, that could completely check whether some 
flow was being induced through the tunnel circuit. This will 
be accomplished during the Phase IZ test to help resolve the 
data inconsistency noted. 

Model dynamics is another factor that could be contributing to 
this problem. The necessity for data sampling over a ten 
second time period to reduce data scatter was discussed pre- 
viously in the Test Procedure write-up. During the hover runs, 
it was observed that the dynamics problem, which largely mani- 
fested Itself in data scatter was more critical at some model 
heights than at others. 

Yaw Control with Spoilers 

Figures 42 and 43 present the yawing moment capability with 
spoilers alone for two different angles of deflection, 40° and 
60°. Effectiveness at the 60* angle was still in the linear 
range as shown in Figure 42. One characteristics of the 
spoiler, when utilised for hover yaw control, is that the de- 
crease in yawing moment capability with ground height is not as 
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large peroontagewise at with trailing edge flaps. Compare 
Figures 43 and 40. 

Hover Download due to Yaw Control 

Figures 44 thru 46 present the loss in vertical lifting capabi- 
lity associated with the use of wing control surfaces for hover 
yaw control. The download shown in these figures, was calcu- 
lated as a percentage of the total propeller thrust as measured 
at each data point. 

Hover Download, %T - fl- Normal Force\ 100 

Figures 44 thru 46 show the download as a function of ground 
height for the following configurations, respectively: down 
flaps on one wing alone, differential flaps, and spoilers de- 
flected on one wing alone. In each case tested, the download 
varies from a maximum for the out-of ground effect condition 
to a net upload at the lowest model height evaluated (h/D«1.0). 
This upload is probably a result of the positive pressures 
being generated on the bottom of the fuselage. 

As would be expected the maximum download measured (11.7%) was 
recorded with the differential flap configuration (60° flaps 
deflected down on the right wing and 40° flaps deflected up on 
the opposite wing). Of this 11.7% value, an increment of 1.7% 
was measured with the clean wing. 

Effect of Hover Yaw Controls on Thrust 

The table in Figure 47 lists the total propeller thrust 
measured during each hover yaw control run. Each thrust has 
been normalized with respect to the clean wing run (Run 34). 
The normalized numbers listed, indicate that the deflection 
of the hover yaw control devices reduced the overall thrust 
by 1.0 to 1.5%. 

Figure 48 illustrates the small change in total propeller 
thrust that occurred with ground height. 

Longitudinal Force Due to Hover Yaw Control Deflections 

Figure 49 shows that the differential flap configuration of 60° 
down on one wing and 40* up on the opposite wing produces a 
net aft acting force* This occurred as a result of the 
positive or forward force produced by the 40° up flap being too 
small in  magnitude to offset the larger negative or aft force 
generated by the 60* down flap. 
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Aircraft Pitching Mownt 'am to Hovr Yaw Control D«fl«otiona 

In hover» th« aircraft pitching monant about tha wing pivot 
with tha yaw control davicaa undaflactad» ia noaa-up of tha 
magnitude shown in Figure 50. Thia nose-up moment, which is 
essentially invariant with ground height # is a result of the 
propeller thrust lines being located below the wing pivot as 
illustrated earlier in the report (Figure 28). The net effect 
of deflecting the flaps differentially ia to reduce the magni- 
tude of the nose-up moment. 

A cyclic pitch angle of 1.1* would be required to trim out the 
pitching moment producing by the differential flap action 
(.017 JL increment between clean wing curve and-40*/60* flaps 
extended curve in Figure 50.). 

Yaw Hover control Requirement 

The necessary value of the non-dimensional parameter Y.M./iT 
ia 0.293 for a representative tilt wing transport-type aircraft 
hovering at its design "V" gross weight of 86,930 lbs. and 
meeting a 0.5 radian/sec2 yaw angular acceleration level. The 
value 0.293 was developed from the following calculation. 

Y.M. 
iT 

♦  * 0.5 radian/seca« yaw angular acceleration 

iax - 1.66(10
6) slug ft2, yaw moment of inertia 

i  - 32.53 ft (full scale aircraft) 

T  a 86,93C lbs (assuming T/W-1.0) 

Y.M. 
IT 

m    0.5(1.66)106 0.293 

The maximum value recorded in the teat was 0.28. 
See Figure 41, 
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Figure 41 

ROVER YAW< CONTROL WITH 
DIFFERENTIAL FLAP DEFLECTIONS 
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Figure 43 

1 NOTES: 
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Figure 44 
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NöMfiT 
1. Model VR068Q, 90* iw 
2. Data fron BVMT 061 
3. 6&00 RPM 
4. Slat« Retracted 
5. Clean Left Wing 
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VARIATION IN TOTAL THRUST 
WITH HOVER YAW CONTROL DEFLECTIONS 

D170-10038-1 

Figur« 47 
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TOTAL T ^RUN 34 

34 488.4 lbs. 1.000 

40 0» 40° 0« 0° 480.9 .985 

41 0° 50° 0* 0° 487.6 .998 

42 0° 60» 0» 0# 486.0 .995 

44 -40# 0* 0* 0* 476.5 .976 

43 -40° 60° 0» 0» 482.1 .987 

45 or 0» 40» 0° 473.2 .969 

46 0# 0# 60« 0° 476.6 .976 

NOTES: 

1. out-of-ground effect, h/D-4.0 and 2.0 average. 
2. Average collective setting,  e.75-14.0 
3. 6800 RPM , a  .^ 
4. Run 34 adjusted for tunnel density 
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6.3 LOW SPEgD DESCBNT PgmrOBMAKCE 0170-10038-1 

One of the critical design items for a tilt wing aircraft is 
the low speed descent capability.  (Boeing-Vertol has been 
using as a design goal, a minimum descent rate of 800 fpm up to 
a flight speed of 42.5 kt and a descent angle of 12s at higher 
speeds *) 

The leading edge slat and double slotted flap configurations 
utilized on Model VR068Q, were developed during the 1969 
Boeing-Vertol wind tunnel test program of a four prop tilt 
wing aircraft as a means of meeting the descent rate goal. In 
the same test program, the placement of the propeller hub g's 
with respect to the wing leading edge, was investigated with 
regard to maximizing descent performance. The results were in- 
corporated into the design of Model VR068Q. 

During the subject test, the low speed descent capability was 
evaluated with slats extended, double slotted flaps deflected 
to 50* and 60*, the pl»2 prop rotation (props turning down be- 
tween the nacelles),  and a propeller speed (without cyclic 
pitch) of 6800 RPN so that descent data could be acquired at a 
Reynolds number per foot of approximately 1.2xl06 (corresponds 
to a slipstream q of 38.5 psf at the appropriate wing incidence 
angles). The P1»2 prop rotation direction was selected on the 
basis of previous wind tunnel tests to maximize descent per- 
formance. 

Previous Boeing-Vertol tilt wing wind tunnel testing has shown 
that, positive cyclic pitch angles (nose-down pitching moment) 
reduces descent capability by primarily reducing the slipstream 
turning effectiveness. This is indicated in Reference 3. An 
investigation of the effect of cyclic pitch on descent capabi- 
lity was planned for the Phase I test of Model VR068Q, however, 
the damage to the Lamiflex radial bearings in the left inboard 
cyclic pitch hub which occurred during these runs (discussed 
previously in the Introduction) necessitated delaying the com- 
pletion of this investigation to the Phase II test. 

Data was also acquired for establishing the basic flaps down 
lift/drag characteristics. This data was obtained in zero 
thrust runs (CT -0) with flap settings of 20°, 40°, and 60°. 

6.3.1 Rate of Descent Capability 

The descent capability of each configuration tested was deter- 
mined by establishing the wing incidence angle at which initial 
stall or separation occurred on the wing outboard of the in- 
board set of fences i.e., outboard of the region between fences 
shown in Figure 2. Inboard areas where stall was tolerated 
comprise the area between fences, the area behind the gap 
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between the'propeller tip and. fuselage eide, and the wing 
center section over the fuselage - In ■unmary, sections over 
which the low freestrean q or lee» than full slipstream q pre- 
vail and Where roll disturbances are minimal. ' 

In i choosing the buffet onset angle f observed written comments 
and tuft photographs were studied in conjunction with the cor- 
responding force polars. Analysis of previous tilt wing tests, 
indicated that buffet onset angle choice was aided when the 
force polars were presented in terms of L/qb2 vs D/qb2 rather 
than Cr. VS CX«. .    /     i 

Another curve that has been found useful in determining the 
descent performanöe is the variation with Cm of the effective 
wing angle of attack, awEPF» 

at buffet onset. (The latter para- 
meter is described in the Data,Seduction sectioni) This curve 
and the companion plot of wing incidence angle at buffet onset 
vs C? should be reasonably smooth and consistent.) 

: * ■      < ■(■)■.■■ 

The descent data is presented as plots of rate of d^sqent, 
R/D, vs full sdale aircraft velocity, VF. As discussed in t^e 
Data Reduction section, Vp was calculated using a wing loading 
of 73.J5 psf aind test section atmospheric conditions« ,  ' 

Figure SI shows the descent rate capability measured for 60* 
ahd 50* of flap angle. The corresponding curves, of effective 
wing angle of attack at stall are presented in Figure, 52. The 
descent capability runs performed first (60* flap single) uti- 
lised a slat setting of Qi0'io»i0'*. it was apparent, via 
tuft observations made during these four runs, that initial 
stall occurred on the wing tip panel in, each r^n. As a con- 
sequence, the slat segment was steepened at the wing tip panel 
to the Q* netting (Figure 4 describes the setting) for the  ' 
subsequent four runs with 50* flap angle. The net result was 
an increase in descend capability for the 50* flap/Q*10'10'* 
slat configuration«     '  , ' 

Buff4t onset anglis and the corresponding desdent performance 
with 60* of flap were re-evaluated with the higher angle set- 
ting on the tip panel slat (Q* setting) during fuselage pitch 
sweep' Runs 63 thru 65. ' These tuns were performed with a con« 
stant 30* of wing incidence as a portion of the tail' off longi- 
tudinal stability runs. The steepened tip slat segment in- 
creased the buffet onsit an^le afc shown in Figure 52 and sub- 
stantially improved the descent capability with, the 60* flap 
angle as illustrated in Figure 51. The data indicates that the 
resultant descent performance with 60* of fla£ as compared to 
that provided by 50* of flap is better at speeds higher than 
47 kts.   , ' •   ,  '    ,    '  , 
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Figur« 53 showp • comparison b«twe«n thm rate of daieant cap- 
ability obt^inad with tha collective hubs operating at 6800 
RPM and cyclic hubk operating at 4750 RPH> all other model con- 
figuration items being identical: 6pA flap, Q1*i

10#lo#*»lat 
setting^ aind sero cyclic. Since the two different prop/hub 
sets, were geometrically similar any difference in descent per- 
formance could be attributed to disc loading and Reynolds num- 
ber effects. The'rate of descent measured with 4750 RPM was 
less by an average of 50 fpm than that obtained at the test 
conditions commensurate with 6800 RPM, even though the data 
indicated a small increase in buffet onset angle for the 4750 
RPM case (Figure 54)'. 

Figure 53 also shows the loss in descent performance for 4° of 
nose-down cyclic pitch. ,This decrease must be associated with 
a decrease in slipstream turning effectiveness as a result of 
the 4° nose-down cyclic not reducing the buffet onset angle 
(Figure 54), The 50 fpm loss in desoenjt rate per positive 
degree of cyclic compares to a value of 100 fpm/deg positive 
cyclic measured in Reference 3. 

Note that both Figure 52 and 54, which present data from wing 
sweep runs with the fuselage set at 0*, express buffet onset 
angles in terms of wing (incidence angle plus fuselage angle 
(iw+ap). This was necessary in order to account for the incre- 
mental wing angle of attack being produced by the upward de- 
flection of the model on the sting due to the high lift forces 
generated. Th^ increment in angle of attack from sting de- 
flection is accounted for by a calculation routine in the data 
reduction' program. 

Figures 55 thru 67 present the basic data from the runs that 
were conducted for the purpose of determining the low speed 
descent capability. The data is presented as plots of L/qb2 vs 
X/qb2 (force polats) t  L/qb2 vs i* (lift curves), and M/qb2c vs iw 
(moment curves). Marked off on each force polar plot are the 
selected buffet onset points and a .3g deceleration line (cor- 
responds to 16.7* descent angle) for reference purposes. 
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Figure 52 
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EFFECT OF FLAP ANGLE 
AMD SLAT SETTING ON BUFFET ONSET ANGLE 
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n D170-10038-1 
6.3.2 B«ilo Flap-Down Lift/Dr>^ CharaotTistio» 

Tall off pitoh runt war« parfomad with 20V 40* and 60* of 
flap daflaetlon/alata axtandad to aaoartaln the baaio flaps- 
down low apaad lift/drag/pitohing moment oharaotarlatloa. 
Figure €8 presents the data along with the data from the 
comparative flapa up/slata retracted clean wing run. 

A decision waa made to perform the noted runs with the props 
on and operating at aero thrust instead of with the props off, 
so that the unpredictable increment in Ci^» that has been 
found to exist between the props off case and the aero thrust/ 
props on case would be inoluaive in the data. During these 
runs, it was necessary to reduce the propeller RPM as the 
model was pitched in order to maintain aero thrust. The pro- 
peller speed for Runs 48 and 49 varied from 6800 RPM at aero 
angle of attack to 6175 RPM at 20*. For Runs 113 and 133 the 
variation was from 5950 RPM at aero angle of attack to 5350 
RPM at 20*. 

Figure 68 shows that the maximum lift coefficient is increased 
from a clean win'y value of 1.4 to 3.87 by deflecting the double 
slotted flaps f 60* plus extending the slats. The angle of 
attack for Qu, « is essentially constant at 26.5* for flap 

O    angles of 20*^and 40*, but is reduced a couple of degrees when 
the flap is extended further to 60*. 
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6.4, LONGITUDINAL STABILITY AND, COHTRÖL IM TRANSitTION 

Longitudinal stability/control oharactaristioa of the four prop 
tilt wing model were investigated throughout the transition 
flight regime. with and withput the horisontal tail' depicted in 
Figure, 16. The high positioning1 of this tail on the vertical 
fin as illustrated in Figure 15 resulted in a horizoxital tail , 
volume coefficient of 1.33. 

Fuselage pitch runs were performed at constant,RPM (except the 
zero thrust ruins) for selected combinations of wing tilt angle 
and flap angle thkt were representative of typical combinations 
required in transition. Da.ta was taken at wing incidence set- 
tings ranging from zero to seventy degrees and flap angles 
ranging from zero to sixty degrees. The slipstream thrust co- 
efficient (Crp ) for thefe runs varied from sero for the zero 
wing tilt angle case to 0.d6 for the 70* wing tilt angle case. 
Runs were made with a sufficient number of stabilizer angle 
settings at the various wing/flap combinations so that the , 
horizontal tail effectiveness could be established over the , 
Cm range from zero to 0.92. 

s   ,  i    i  . ■■ ■ i   . i 

'     . • ,        ■   '■ ■ 

As mentioned in Section 2.6 of this report,» the wing ^ngle of 
attack range for evaluation with a prescribed combination of 
wing tilt' angle and thrust Coefficient was adjustable per the ' 
sting "pre-bend* angle selection. These ^»re-bend" angles were 
chosen prior to,each set of runs so that the data could be ab- 
quired at or n?ar representative flight conditions. 

All moments obtained during the longitudinal stability runs 
were transferred to a representative mid-center, of gravity. 
This center of gravity moves up and baök as' the wing tilt angle 
increases.. Positions of the e.g. for the various wing tilt 
angles used,were calculated by utilizing the scaled wing-down 
longitudinal and Vertical locations for the fixed mass e.g. 
and rotating mass.e.g. (with respect to the ying chord line) 
of a representative transport-type four prop tilt wing aircraft, 
with a V-mode gross weight of 86,930 lb.(and no dihedral),plus 
the wing pivot location of the model. Model scale tfith respect 
to this aircraft was 1/12.3. 

Figure 69 shows the relative locations of the rotating mass 
e.g., fixed mass d.gi, and resultant aircraft e.g. to the wing 
pivot for the wing down case and 70* wing tilt case. The move- 
ment'of the aircraft o.g. with wing tilt angle that was used ^n 
the data reduction program is illustrated in Figure 70. As 
can1 be seen, the,movement of the e.g. for a wing angle change 
from zero to 70* is 10t3% MAC aft and 15.5% MAC up.       ,  , 
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6.4.1 Horiiontal Tail Eff etivn«««      D170-10038-1 

The effectiveness of the horizontal tail (high position) in 
producing pitching moment is presented in Figure 71 in terms of 
ACm8//u.vs CTt* Values are shown for the various combinations 
of wing tilt angle/flap angle/Op evaluated. 

As would be expected/ the stabiliser effectiveness decreases 
with increasing CTS (decreasing aircraft speed). The decrease 
is seen to be a function of (1-CTS) as denoted in Figure 71. 
Thus it could be concluded that the horisontal tail is essen- 
tially outside the influence of the propeller slipstream and 
is acted upon, primarily» by freestream q. 

Also noted in Figure 71 is the value of äC^/A.A. predicted from 
DATCOM for the props off (zero CT8) condition assuming a unity 
ratio of q at the tail to freestream or tunnel q. The maximum 
value of ACn /A* measured on the model is .86 of the predicted 
value.     * 

Wing tilt is seen to decrease stabiliser effectineness; the 
reduction being a function of tilt angle magnitude. 

■^J 
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6.4,2 Downwash at the Horizontal Tail        D170-10038-1 

The downwash data in terms of the variation of downwash angle 
(c) with fuselage angle of attack (op) is presented in Figures 
72 thru 75. Each plot shows the downwash angles measured at 
the various thrust coefficients (CTS) evaluated for a particu- 
lar wing tilt angle. The downwash  angles, defined as the 
angle by which the freestream flow is deflected by the lifting 
system r were determined from the intersection of tail off/tail* 
on pitching moment curves presented later in Section 6.4.4. 
Thrust coefficients denoted in Figures 72 thru 75 are the 
average values over the angle of attack range for whicl. pitch- 
ing moment curve intersections were available, i.e., except for 
the high Cm   runs, Crp varied during the sweeps at constant 
RPM.     ^s       s 

Figure 72 (wing down/öp-O0 and 40°) illustrates the change in 
downwash angle associated with an increase in CTS(decreasing 
aircraft speed) and shows the Increase in downwash angle due 
to deflecting the flaps to the 40° position (increasing lift 
coefficient). An additional increase in downwash angle of 
approximately 1° was recorded when the flaps were deflected 
further from 40° to 60°. This is shown in Figure 74(1^30°/ 
«F»40Ä and 60°). 

An examination of Figures 72 thru 75 will show that for a given  / 
wing lift condition (constant op+iw and CT8), the downwash 
angle at the high tail position is reduced when the wing is 
tilted beyond 15s. This is graphically depicted in Figure 76 
which presents the measured downwash angle at two specific 
wing angles of attack (op+iw) of 25* and 15°. As the wing is 
tilted beyond 15s, the associated change in fuselage angle 
geometrically raises the horizontal tail with respect to the 
wing/propeller slipstream wake. 

In the curves presented in Figures 7^*nd 73, the rate of in- 
crease in downwash angle with angler'of attack is seen to dimin- 
ish at the higher angles of attack evaluated. A study of the 
pitching moment data and related tuft observations revealed 
that the reduction in de/doF corresponded to the separation of 
the flow on top of the fuselage. The noted decrease in down- 
wash angle occurred when the separation starting at the wing 
center section progressed aft to the vertical fin. 

The de/daF values measured from the linear portions of the e 

vs op curves are plotted in Figure 77 as a function of CTg. 
This figure shows that the downwash gradient for the clean con- 
figuration is low (.2de/dop or less)and that with the flaps 
down, it increases with CT« from a value of .3 at zero CT_ to s s 
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a value of .5 at a Cm of approximately 0.7. Wing tilt angle 
s 

can be noted to have only a small influence on de/doF •  At the 

higher wing tilt angle (30° and 45°) and CTg(0.8 and 0.92) com- 

binations evaluated, the rise in de/daF with CT is significant, 
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6.4i3 ,Tail-on/Tail-off Longitttdinal Stability (Mid o.g.) 

Figures 78 and 79 present the measured tail-off and tail-on 
stability derivative, CM  for the various wing tilt angle/flap 

sa   , 
angle combinations evaluated. This data, which encompasses 
a thrust coefficient (CT ) range from 0 to .96 and is presented 

in slipstream notation, is applicable for a mid e.g. The spe- 
cific change in e.g. location with wing tilt angle was de- 
scribed in the introduction to, Section 6.4. 

/ 

Slopes shown in Figures 78 and 79 were measured from the sta- 
bility plots (CM vs otp) presented later in Section 6.4.4 and 

were extracted from the linear portion of the curves. The Cj 
value designated for each data point is the average value   s 

for the angle of attack range considered in choosing a slope. 

Tail-off data presented in Figure 78 shows a decrease in level 
of Instability with increasing Cv that is in accord with a 

zero CM  value at a CT of 1,0 (zero freestream g). The re- 
. so , 8   ' '' 

latively high tail-off instability for the wing down/flaps up 
case is sharply reduced by deflecting the flaps to 40°. This 
condition reflects the aftward movement: in center-of-pressure 
associated with the flap Fowler action. Deflecting the flaps 
to a higher angle (60°) did not result in a further reduction 
of the tail-off instability per the evaluation made with both 
30° and 55° of wing tilt'angle. 

■ 'iii 

Tilting' the wing up 15° from the wing down position produced 
a substantial increase in the tail-off instability. This was 

, probably due to the adverse influence exerted by the four 
propeller hub moments and normal forces. An additional 15° of 
wing tilt (30° wing tilt angle) produced an increment in tail- 
off instability that was one-third of the increment recorded 
by the initial 15° of wing tilt. Wing tilt angles higher than 
30° ' (45° *55°, and 70* were tested) resulted in progressive 
reductions in the tail-off instability. This situation re- 
flects the aftward movement of the aerodynamic center with re- 
spect to the e.g. < , 

The.reduction in tail-on stability depicted in Figure 79 for 
the wing down cases, with flaps up and at 40°, is indicative of 
the decrease in g acting upon the tail (primarily freestream 
q) and the increase in downwash gradient with C7 (Figure 77). 

tj 
Considering the effect of .flap deflection on stability,  it is 
seen in Figure 79 that with the wing down, deflection of the 
flaps at 40°,  has a destabilizing effect tail-on whereas the 
same action decreased the tail-off instability.    The reason 
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\ir reason for this is primarily the loss in the tail contribution, 
to stability due to an increase in the downwash gradient 
(Figure 77). As in the tail-off case, additional flap exten- 
sion to 60° did not change the stability. 

The initial 15° of wing tilt had a substantial tail-on de- 
stabilizing effect, a direct influence of the tail-off charac- 
teristics, resulting in the aircraft being unstable at CT 
values larger than .47. Increasing the wing tilt angle to 30° 
did not cause a further reduction in tail-on stability even 
though a destabilizing effect was noted tail-off, i.e., the 
downwash gradient decreased. 

The downwash gradient effect was also evident at the higher 
wing tilt angles evaluated (45* and 55*). As shown in Figure 
79, the net effect is an essentially constant CM   value of 

approximately •►.005 from a CTS of .7 to .96 with wing tilt 
angles of 30° to 55° for the mid e.g. case. 
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6.4.4 Basic Lpngitvidinal Stability Data 

This section includes the on-line data plots (Figures 80 thru 
136) obtained during the longitudinal stability investigation 
of the subject test. The data, in slipstream notation/ is 
presented in sets of three plots, CMS VS op (pitching moment 
curves), Cj^ vs CXs (force polars), and CLg vs oF (lift curves), 
in the order of increasing wing tilt angle/flap angle. In 
these plots, CMCS, CLCS and CXCS should be read as CM , C^ 

and Cx , respectively. ALPHA signifies fuselage angle. 
S 

The following plots contain series of runs, all conducted at a 
constant propeller RPM or nominal CT8 and a selected wing tilt/ 

flap configuration. Each series of runs included a tail-off 
run, followed by three or four tail-on runs with different 
tail incidences relative to a fuselage waterline, so that hori- 
zontal tail effectiveness could be established. Running mul- 
tiple tail incidences was not deemed necessary at the 
highest thrust coefficients of the test (.94 and .97 O? with 
tilt angles of 55° to 70°) since the usefulness of the horizon- 
tal tail for trim at these condtions is such low percentage of 
that required. Noted on each force polar plot are lines corres- 
ponding to 10° descent and 10° climb conditions. 

During the longitudinal stability investigation, dynamic re- 
sponse characteristics inside the nacelle assemblies necessi- 
tated a reduction in the test RPM from 6800 to 6000. Two tail- 
off check runs were made to ensure that the reduction in pro- 
peller speed had no effect on the stability data when reduced 
to coefficient form. The comparisons presented in Figure 89 
(wing down/40o flaps/.3CT case) and Figure 92 (wing down/40e 

S 
flaps/.SCip case) illustrate this. 

*s 

An examination of the pitching moment plots, for example 
Figure 95 (15° wing tilt/60o flaps/.3CTS)» will reveal that 
the pitching moment, tail-off and tail-on, varies linearly 
with fuselage angle of attack over the initial portion of the 
angle of attack range tested. At a particular angle of attack 
for a given test condition, the tail-off instability (CMS ) 
appears to decrease. A comparison of the change in pitching 
moment characteristics with tuft observations taken during the 
test, established that this condition la concurrent with flow 
separation on the top of the fuselage as noted on Figure 95 
and accompanying figures. 

Figure 95 also shows that an improvement in tail-on stability 
occurs at the same time that the tail-off instability der 
creases. This tail-on stability change reflects (in addition 
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to that portion due to the obvious relationihip betwaen tail- 
off and tail-on stability characteristics) the decrease in 
downwash gradient that takes place during the mentioned flow 
separation (discussed in Section 6.4.2). 

As the fuselage was pitched, the flow separation that started 
at the wing center section progressed aft along the fuselage 
to the vertical tail. Further pitching of the model caused 
the separated flow region to move up the fin. At some fuse- 
lage angle of attack/ the horizontal tail mounted on top of the 
fin entered the wake. At this point, noted on the example 
plot (Figure 95), the decrease in horizontal tail effectiveness 
is evident. 

At the highest thrust coefficients evaluated (.92 to .96 On) 
with wing tilt angles from 45° to 70°, the character of the8 

flow aft of the tilted wing changed and no separated flow was 
observed in the vicinity of the vertical tail. As a conse- 
quence the tail-off and tail-on pitching moment curves were 
linear over the angle of attack range evaluated. For example, 
see Figure 125 (45° wing tilt/60o flaps/.92 CT ). 
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6.4.5 Horiaontal Tail mittmt 

During the longitudinal stability testing# the fuselage» side ■ 
of the fin, and top and bottom surfaces of the stabiliser were . 
tufted. Tuft observations were continuously recorded through- ' 
out the runs. 

■■*' 

Section 6.4.4 discussed the formation of the separated flow 
emanating from the wing center section and its subsequent pro- 
gression up the fin as the fuselage angle of attack was in- 
creased. The first visual indication of the horisontal tail  ; i 
encountering the wake was a slight buffeting or "flicking" of , 
the tufts« usually at the root section of the tail. Further 
pitching of the model lowered the tail with respect to the 
distnrbeü flow and increased the buffeting or tuft activity. 
Complete immersion of the tail in the wake was evidenced by r 

total flow separation (stall) on both the top and bottom sur- 
faces of the tail. 

The results of the stabiliser tuft observations for the 
majority of the wing tilt angle/flap angle/C^g combination» 
tested are presented in Figure 137 as a function of CT8. lor 
each wing tilt/flap angle combination, a band of fuselage 
angles over which tail buffeting was observed, are shown. The 
bottom of the band corresponds to initial buffeting or "tuft 
flicking" and the top of the band corresponds to heavy buffet- 
ing or essentially total flow separation. 

From this plot, it can be seen that the fuselage angle at which 
tail buffeting is encountered, increases with increasing Opa  < 
and decreases with wing tilt as would be expected. No tail 
tuft activity or buffeting was recorded at the 45° «ting tilt/ 
.92 CT test condition or at combinations of higher thrust co-' 
efficiSnts (.94 and .97 CTS) and wing tilt angles (55° and 70°). 
This was noted previously in Section 6.4.4 in the discussion 
of the moment curves. 

There is a strong poit«&£M&£0^ toioyeiiist^ 
of attack at which tatl Buffeting occurs fiy application of lead- 
ing edge BLC (boundary layer control) to the wing center sec- 
tion region. The effect of leading edge BLC on wing Center 
teection stall was investigated and reported in Reference 3. 

The effect of removing the center section slat on the aft fuse- 
lage wake and its intersection with the horisontal tail was 
investigated with the 30*/60* wing tilt/flap angle combination 
at CT values of .55 and .70. Data from these two runs are 
compared in Figures 138 thru 143 with corresponding full span 
slat runs. 

191 
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3 D170-10038-1 
Noted on the pitching moment plots are the fuselage ancles at 
which it was observed that the separated flow has progressed 
to the vertical fin. These tuft observations correlate well 
with the change in slope of the pitching moment curves. It is 
apparent that the removal of the center, section slat had an 
adverse effect on the formation of the center section wake, in 
that the separated flow reached the fin at fuselage angles of ■. 
attack from 5° to 6*lower. From horizontal tail tuft observa- 
tions it was also apparent that initial tuft buffeting occurred 
at lower fuselage angles (approximately 4* less) when the 
center slat was removed. 

The loss of lift due to the removal of the slat segment ia 
evident by referring to the lift curve and force polar compari- 
sons . 

o 
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6.5   WING/FLAP/FUSBLAGE EFFECTS ON PROPELLER FORCES AND 
MOMENTS  "  

The nacelle hub/balance/notor assemblies used In this test were 
Identical with the one used in the isolated propeller test 
BVWT 057 (Reference 1). It was pointed out in the Reference 1 
report that the propeller used in BVWT 057 was a left hand 
rotation prop, that is, the rotation was counterclockwise when 
viewed from behind. Left hand rotation propellers were in- 
stalled on Model VR068Q at the left wing inboard nacelle and 
at the right wing outboard nacelle. 

Since the left hand and right hand propellers were constructed 
(fiberglass lay-ups) using different molds, some dissimilarity 
in performance was expected. During the thrust balancing pro- 
cess in forward flight with collective hubs (Runs 51 thru 53/ 
6800 RPM) a difference in collective settings at .75 radius 
of -i-0.75° to 1.0* was required between the right hand and left 
hand propellers to achieve a thrust balance. The collective 
setting fixture was not involved in this difference, since the 
same fixture was used for both left hand and right hand pro- 
pellers . 

Thrust balancing in forward flight with the cyclic hubs (Runs 
156 and 157/4750 RPM) required an average difference in collec- 
tive setting of +1.25° to 1.50° between the right hand and left 
hand propellers. Influencing this difference was the two 
separate blade angle setting fixtures (one for a left hand prop 
and another one for a right hand prop) used to set both 
collective pitch and cyclic pitch on the cyclic hubs. 

O 
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6.5.1   Wing/Flap/Fttsalaqe Effect» on Profiler Wogioal Fogoe 
■ 

Figur« 144 compares the average normal force (propeller nota- 
tion) measured on the inboard propellers and on the outboard 
propellers with the isolated propeller data. This data was 
collected in win«* sweep Runs 54 thru 58 with the large double 
slotted flaps deflected 60°, full span slats extended, and a 
constant propeller speed of 6800 RPM. Propeller advance ratios, 
J, prevalent during the runs are denoted in the figure. A 
decision was made to present the normal force data as an aver- 
age of the inboard propellers and an average of the outboard 
propellers via an examination of the individual propeller nor- 
mal forces which deemed that any differences that could be 
noted could not be ascribed to propeller rotation differences 
(left hand vs right hand propellers). 

As shown by the comparison presented in Figure 144, the in- 
stalled propeller normal force is of a magnitude approximately 
2.5 times larger than measured on the isolated propeller for the 
same geometric propeller angle of attack. This increase of 
normal force is undoubtedly due to the change in propeller in- 
flow conditions produced by the highly flapped wing. Except 
for wing incidence angles above 40*, Figure 144 indicates that 
the inboard propellers generally developed higher normal forces 
than the outboard propellers. Two items could have produced 
this increment: the larger wing/flap chord behind the inboard 
propeller and the proximity of the fuselage. 

Figure 145 is similar to Figure 144, differing primarily in 
that the propeller normal forces were measured« during wing 
sweep Runs 158 thru 161 with cyclic prop/hubs operating at 
4750 RPM. In addition, the average collective setting was 12.4° 
instead 14.0*. Data obtained during the isolated prop test 
Indicated that this difference in collective setting would have 
only a small effect on prop normal force, with the lower settr 
ing generating somewhat lower forces. The increase in data 
scatter that occurred during the testing at 4750 RPM is under- 
standable when it is realised that the magnitude of the prop 
normal forces was reduced by a factor of 2 over those measured 
during 6800 RPM testing (RPM squared effect) and that the larg- 
est value of prop normal force during the 4750 RPM runs was 
12 lbs. V r 

A check was made to verify the non-dimensional characteristic 
of the prop normal force coefficient, that is, if prop normal 
force is entirely an aerodynamic effect, it should non- 
dimensionalise with RPM2. This was essentially the case as - 
shown in Figure 146, wherein Cj|p did not vary to any extent 
with RPM. The effect of RPM is Slso evaluated later in the re- 
port in Section 6.6 which discusses the proportionality of 
model forces (prop normal force is a component) with RPM. 
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Figur« 146 
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^      6.5.2 Wing/Flap/Fmelage Effects on Hub Pitching Moment 

A comparison of the measured hub pitching moment coefficients 
for the installed propellers with that for the similar isolated 
propeller is presented in Figure 147. As in the prop normal 
force comparison, wing sweep Runs 54 thru 58 (6800 KPN) were 
used, inboard prop and outboard prop data were averaged and 
the data is plotted as a function of propeller shaft angle (a«) 
which is equivalent to op+iw (accounts for the fuselage deflect- 
ing upward on the sting). In averaging the inboard prop data 
and outboard prop data for presentation in Figur« 147, the ob- 
served differences were judged to be within test data accuracy. 
Any differences due to blade angle differences were deemed 
negligible per Reference 1. 

Figure 147 shows that the initial rate of biild up of hub 
pitching moment on the installed propeller is about three times 
that of the isolated prop. However, the curves, especially 
for the outboard props appear to be bending over (decrease in 
ACMp/Aop) 

at much lower angles of attack than the isolated 
prop. Peak values of CM were not reached on this test, and 
should be Investigated during Phase ZI for the Critical condi- 
tions. 

OAs in the case of prop normal force (Section 6.5.1), the dif- 
ference is undoubtedly due primarily to the change in inflow 

^     from the wing-induced upwash and circulation. It should be 
noted that the highly flapped wing is itself producing a large 
nose down pitching moment on the aircraft, opposing the nose 
up moment from the propeller, so that as discussed in Section 
6.4.3, the total aircraft still has static angle of attack 
stability at speeds above about 60 kts (CT -.47) and is only 
slightly unstable at lower speeds. 

Figure 146 is a similar presentation illustrating the results 
of the 4750 RPN wing sweep Runs 158 thru 161. In this graph, 
the averaged inboard prop moments are compared to the measure- 
ments on the right wing outboard prop. The outboard prop data 
shows a similar trend to the inboard prop data with respect to 
the increase in hub pitching moment with shaft angle. The in- 
cremenfcil difference between the inboard and outboard prop 
moments would largely be accounted for by the sero shift noted 
in the outboard prop data. 

A crossplot of the data from Figures 147 and 148 in terms of 
ACu for 25° of shaft angle (linear range of data) was made to 
determine whether the measured coefficients were essentially 
independent of the test RPM. Figure 149 presents the crossplot. 
No definite trend other than that CM was not a function of 

fj RPM, can be established within the normal data scatter. As 
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mentioned In the discussion of prop normal force, the effect of 
RPM on model forces (hub pitching moment is a component) is 
discussed later in Sectior 6.6. 

Blade stiffness is an issue in the subject of hub pitching 
moment. An analysis of the fiberglass propeller blades used 
on Model VR068Q predicted a 1ST blade flap pending frequency 
of 11,000 cycles/minute for 4750 RPM, which corresponds to an 
essentially rigid blade. The blade retention system in the 
collective hubs used during Runs 54 thru 58 (6800 RPM) did not 
detract from the rigidity, however, the blade retention system 
used in the cyclic hubs (Lamif lex bearings both thrust and 
radial) during Runs 158 thru 161 (4750 RPM) undoubtedly had a 
marked effect on the overall stiffness. The net effect per 
estimate would be to reduce the frequency ratio (ratio of 1ST 
flap bending frequency to the rotational frequency) for the 
4750 RPM runs below that for the 6800 RPM runs. Current prop/ 
rotor theory predicts a slight increase in hub pitching moment 
with a decrease in the frequency ratio for the prop/hub con- 
figuration used on Model VR068Q. The data presented in Figure 
149 is not in disagreement with this theory. 
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Figure 148 
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' 6.5.3 Winq/Blap/Fttsel*q« Etfmct» on Propeller Thanist 

Since propeller thrust coefficient (Op in propeller notation) 
' is a function of blade characteristics such as blade angle and 
twist, the left hand rotation propellers on the model (left 
wing inboard and right wing outboard) have been used to compare 
the thrvist characteristics of the installed propeller with 
those of the left hand rotation isolated propeller. Figure 
150 presents the data  for the wing sweep Runs 54 thru 58 per- 
formed vfith a propeller öpeed of 6800 RPM. 

Note that the isolated propeller utilized a collective setting 
of 12* whereas the average collective setting of the installed 
propellers; was 14.4°. As will be shown in a later plot/ this 
blade ahgle difference accounts for a large percentage of the 
difference in thrust coefficient noted at zero shaft angle. 
Additional analysis is required at other shaft angles. Even 
so, the increase in thrust with shaft angle for the installed 
propeller is obviously larger than that for the isolated propel- 
ler not operating in the influence of a highly flapped wing. 
Except for shaft angles beyond 40°, the inboard and outboard 
props exhibited similar thrust/shaft angle characteristics. 

Figure 151 shows the same trends as Figure 150 for the 4750 RPM 
data acquired during wing sweep Runs 158 thru 161. In Figure 
151, the lower thrust «coefficient for the outboard prop is 
partially accounted for by its lower blade angle (13.5°) with 
respect to the inboard prop (14.0°). 

The effect of winb/60o flaps on thrust at zero shaft angle is 
presented in Figure 152. Data from Figures 150 and 151 was 
averaged for this presentation. When the different collective 
settings'are taken into consideration', it is found that the 
lifting system increases the. propeller thrust up to an incre- 
ment in CT of .015 over the advance ratio range evaluated. The 
thrust coefficient generated at 4750 RPM (cyclic hubs) should 
be slightly lower than that generated at 6800 RPM (collective 
hubs) due, to the lower net blade area, i.e., in installing the 
blades in the cyölic hubs, the "deeper" blade retention system 
necessitated moving the blades outward and trimming the tips 
•(less than .125") to maintain the same prop diameters. 

?he companion power data at zero Shaft angle is shown in Fig- 
ure 153. Differences, in power between the inboard and out- 
board props wete such that the division Cf the power plot into 
separate presentations for the inboard prop and outboard prop 

' was not warranted,.      , 

Figure 154 presents the calculated propeller efficiency (np) 
corresponding to the thrust and power data shown in Figures 

< 152 and 153. The conclusion that can be arrived at from exa- 
mining this figure, is that the wing/flaps/slats did not have 
an adverse influence on the propeller efficiency. 
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Figure 153 

 I       J 1 1  
MOTES; *" 

1. Model VR068Q 
2. Data ftoom BVWT 061 
3. P*»2 Prop Rotation 

4. Flaps at 60° 
5. Full Span Slats 

.10 

0 6800 RPM/14.40e#75(Avg) 
LEFT IMBD,RT.   OUTBD AVG. 

"    I 

Sjr.B 4750 RPM/13.750e        (AVg) 
Je-  LEFT INBD,RT.  OUTBD AVG 

♦4 .6 .8 
ADVANCE RATIO,  J 

0 
EFFECT OF WING/FLAPS ON POWER 

LEFT HAND PROPS/ZERO SHAFT ANGLE 

214 



r«^yfff>^ffwri^.,H;>w^w .,, „„,„;.,,..,„,,. 

w 

D170-10038-1 

Figure 154 
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6.6 EFFECT OF DISC LOADING (RPM) ON MODEL FORCES 

Since the propeller RPM used during test BVWT 061 varied from 
6800 to 4750 RPM, a check was made of the proportionality of 
the model forces with disc loading. Run 101 (with check points 
in Run 102) was performed statically (zero tunnel q) with a 
model configuration consisting of flaps deflected to 40°, full 
span slats extended, wing down, and zero fuselage angle. The 
induced flow in the test section probably did not exceed 0.4g. 

The results presented in Figure 155 depict a linear variation 
of model normal force, axial force, and pitching moment with 
RPM2. Figure 156 illustrates a similar type curve for normal 
force when it is plotted as a function of disc loading. 

For Run 102 (same model configuaation) the model was pitched up 
to an average fuselage angle of attack of 20.4*, and an RPM 
sweep was made at a constant Advance Ratio (J) of 0.61 by ad- 
justing the tunnel q. Figure 157 shows the degree of linearity 
of model normal force, axial force, and pitching moment with 
RPM2. Both normal force and axial force are essentially linear 
from zero RPM to the maximum RPM evaluated. The low nose down 
pitching moments measured at the smaller RPM*s (4000 RPM and 
less) probably reflects some localized flow separation on the 
flaps due to the low Reynolds number. Figures 158 and 159 
show the linearity of model normal force with disc loading and 
tunnel q, respectively. 
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7.0 COHCLUSIONS ' 

Thp primary conclusion» derived from this test are listed below: 

a. 

b. 

o 

d. 

f. 

h. 

i. 

v: 

Aircraft pitching moment due to cyclic pitch in the hover 
mode varies linearly with cyclic angle over the range of 
cyclic pitch angles evaluated (-8* to +8°) and is essen- 
tially invariant with ground height. This aircraft pitch- 
ing moment was 27% greater than that contributed by the 
measured hub moments» the difference probably being due 
to the contribution of propeller normal force. 

The average value of hub,pitching moment coefficient per 
degree of cyclic pitch obtained in the hover evaluation, 
agreed well with the corresponding value measured during 
the isplated propeller test (Reference 1), that is 
-.0021 ACu /Ay. 

The propeller'normal force generated by cyclic pitch action 
in .hover Was not present in the measured aircraft longitu- i 
dinal fqrce. 

The power increase in hover Isfter, subtracting model fric- 
tion power) due to the application of 8° of cyclic pitch 
averaged 14.5%. This was the same value measured during 
the isolated propeller test. 

The required value of non-dimensional hover yawing moment 
(.29Y.M./IT) for a representative transport-type tilt wing 
aircraft» to match a requirement for yaw angular accelera- 
tion in hover of 0.5 radian/sec2 was essentially achieved 
out-of-ground effect witn a yaw control configuration con- 
sisting of 60* downward deflection of double slotted flaps 
on one wing and 40* upward flap deflection on the opposite 
wing. Combined, flap/spoiler controls will be evaluated 
in Phase XZ. 

Tfye available hover yaw control with differential flaps 
decreases to 55% of the out-of-gpound effect value when 
the ground height is reduced to an I.G.B. (in ground 
effect) condition of hovering with the wheels 2 ft. from 
the ground.   '    , 

Thp hover download associated with the noted differential 
flap deflections was 11,7% of the total thrust. 

With 60*' of double slotted flap deflection and full span 
slats, extended, the data indicated the availability of a 
low speed descent angle of 17* (corresponds to a descent 
sate f>f 1350 fpm at a flight speed of 45 kts). 

Use of positive cyclic pitch' (nose down pitching moments) 
has b^en found to have a detrimental effect on the low1 

speed rate of descent capability. A loss in descent rate 
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of 50 fpm p^r dagr«« of cyclic pitch was nwasurod 
in this t«st. This compar«« to a value of 100 fpn/dog 
maaturad in pravious taits auoh aa Rafaranca 3. 

■  ■ T 

j • Tha notad dascant capability was aehiavad with a high 
lift «yatam which provided a maximum lift coaffieiant 
of 3.87 with €0* of flap deflection, full span tlata     <« ^ 
extended and a sero thrust or sero Cm condition. Te 

k. The effectiveneas of the high horizontal tail for trim 
(ACM8/^) was found to vary linearly with CTS and the 
maximum measured value of tCnB/LA  (sero CT«) was 87% of 
that predicted by DATCOM. Thus it can be concluded 
that the high tail waa acted upon, primarily, by free- 
stream q. >: . 

1. For the wing tilt/flap angle combinations evaluated 
throughout the transition regime, the downwash gradient 
(dc/dap) varied from a value of .3 at sero CTt to a value , 
above 0.5 at .8 CT . 

m. The initial 15s of wing tilt plus 60* of flap deflec- 
tion had a substantial destabilising effect, resulting 
in the aircraft being unstable (tail on/mid e.g.) 
at CTg values larger than .47. At higher wing tilt 
angles, up to 70*, the level of instability was essen- 
tially constant at a value of +.005 CM  over the Gj 

range from .7 to .96. 

n. Flow separation emanating from the wing center section 
encountered the horizontal tail when the model was pitched 
resulting in tail buffeting per tuft observation« The fuse- 
lage angle of-attack at whlchj buffeting occurred decreased 
with wing tilt angle and increased with Gn per Figure 137. 

o. Removal of the wing center section slat reduced the 
fuselage angle of attack at which tatltbuf«at locourrfd by 
approximately 4*. 

p. The propeller normal force produced! tha the influence 
of the wing/60* flaps/fuselage waa 2.5 times the value 
measured during the test of an isolated propeller. 

q. The propeller hub pitching moment measured at the same 
time waa approximately 3 times the isolated propeller 
value. 
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APPENDIX A - TEST CONDITIONS FOR LONGITUDINAL 
STABILITY AND CONTROL RUNS 

The supplementary information presented in Appendix A comple- 
ments the basic three-component longitudinal stability/control 
data included in Section 6.4.4 of this report and consists of 
the following itemst 

a. The variation of thrust coefficient (QTg) with fuselage 
angle of attack (ap) for the different wing tilt angle/ 
flap angle/nominal CT8 combinations tested. In this 
test (BVWT 061)t  the thrust coefficient (CT8) varied 
with fuselage angle as a result of the runs (except 
for the zero thrust runs) being conducted with a con- 
stant propeller speed (RPM). 

b. The calculated full scale aircraft velocity (along 
the flight path) as a function of CTs £or the various 
wing tilt angle/flap angle combinations tested. Speeds 
for three steady flight cases are shown: 10° climb 
angle, level flight, and 10° descent angle. 

■ ' 

o. The tunnel q used for the various sets of longitudinal 
stability/control runs as a function of CT8» Values are 
shown for both RPM's utilized: 6800 and 6000 RPM. 
In addition, the tunnel q's used for the 4750 RPM runs 
with cyclic hubs are shown. 

Figures 160 thru 166 present the CTS variation with fuselage 
angle of attack (ap) • Each plot is applicable for »uns con- 
ducted with a particular wing tilt angle/flap angle combina- 
tion^ Each curve in a particular figure is identified as to 
the nominal CT. ascribed to that particular run. During the 
test, tunnel q was chosen so that the noted nominal CT was 
achieved in approximately the middle of the «p range to be 
evaluated. The variation of CT8 with ap is seen to decrease 
with increasing values of nominal CTS, however, at high values 
of nominal Cm (above .81), the CT is virtually invariant 
with op.    8 s 

The full scale flight speed increases with decreasing CT8 as 

shown in Figure 167. These speeds along the flight path were 
calculated for a representative transport-type four prop tilt 
wing aircraft with a 73.5 lb/ft2 wing loading (tunnel test 
section ambient conditions). This wing loading value would de- 
crease to  66 lb/ft2 for typical atmospheric design conditions 
of 3000 ft/90*F. It can be seen from this figure that the 
transition speed range evaluated during BVWT 061 varied from 
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21 knots to 113 knots. Note that for CTs values greater than 

0.70 (roughly 52 knots), the speed variation with CT8 is basic- 

ally the same for the three flight conditions shown» 10° climb 
angle, level flight and 10* descent angle. 

Tunnel g was varied almost linearly with CTS for the constant 

propeller speed (RPM) type of testing utilized in BVWT 063., 
as can be observed from the data presented in Figure 168. The 
minimum tunnel q that can be maintained in BVWT with reasonable 
accuracy is 1.0 lb/ft2.This value fixes the maximum CTS that 
can be set up on Model VR068Q for a given value of propeller 
RPM. With 6000 RPM a CT8 of about .97 was achieved. 
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APPENDIX B - SHAFT TORQUE DURING JET THRUST CALIBRATION 

The air motor jet thrust calibration discussed in Section 5.2 
and presented in Figure 20 was conducted with a zero propeller 
thrust, cylindrical tube prop. In Figure 20, the jet thrust 
produced by each air motor is shown as a function of shaft 
torque. Of interest is the variation of shaft torque with RPM 
during the jet thrust calibration runs. Since the cylindrical 
tube prop operates in the static condition at basically a 
constant torque coefficient, the variation of shaft torque 
should be essentially linear with RPM2. In addition as a 
result of utilizing the same tube prop for the various cali- 
bration runs, the same shaft torque should have been recorded 
at a particular RPM on each of the calibration runs. Figure 
169 shows that this was the case. 
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